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DKSCHFl'TlOX  OF  Tin;  KiUrnXf;  pkodivkh  c  vs  j.j  wt 
A\l)  CLKAXIXC  SVSTKM  AS  OKKUNAIJ.V  (0\STi;r(  - 
TKD,  AXD  AS  IXSTAIJ.KI)  AT  THK  ITKI.  TF<T1X(; 
STATIOX,  OTTAWA:  TOCKTHKH  WITH 
DKTAILKD  KKCOHOS  or  THK  TRI  M.s 
COXDUCTKI)    THKHKWTTH. 
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REPORT 


UTILIZATION  OF  PEAT  FUEL  FOR  THE  PRODUCTFOM 
OF    POWER:    AN    ECONOMIC    INvlsTIGATmi'''' 


B.  F.  Haanel,  B.Sc. 


PART  I. 

IXTH()I)l(Tl()\. 


Thi> 


t..l.a.  All  "rt^:  a;:i  Salka.Hui:;,"  '''"'"'""''  ""'  "'  ""'  "^""^  "^   ^'-i" 

S^^'    'f'i^l™!-  - 

P<nvor  \o   s      u.      '  „    -  '  '■'^^        '"  '•■•'im-ity  Irom  .K)  t„  2(K)  In.rs,  - 


tlir 
oil  a  CDiiinicr- 


t<i  show, 
its  us,.. 
pro- 
account  (if  the 
■    t)otli   ill    the 


irgcr 


sM^    .,,'■      i^.^„V"'"-"'y'  "    ^'■^^:  ^■•"•k,  tl,o  consuMiptior 


«amo    luvitinp;  valu,.  is  "in  tli.'  nciKhhoui-luxKl 


'I' 
ot   oiilv 


ccoiioiiiical     stcai, 

'  contrast    to   tiic  fuel 

viz.,    11    to   1>    jhs.  „ 


mall 

ratc'y   (Icsifrncd 

IiitcrliiinMiul] 

■'     fuel    of  III,. 

Tliis   fuel 
nvcr    ))l.iiit 
cconoiuy  of 
<'oal,  of  lii( 


ccnsunii)ti(m  -of  prohahlv  the  most 
on  the;  continent— alfoni;  a  notable 
a  motlein  producor-Kas    power    pl,.,nt 

t'^iiri;^st::;'r;;ori;e;rfi''"  i'''''"^^ 

cours,.  he  cite.l  of  eertain  small  st.-am  plants,  wliere  the  fuel  eeonomv- 


places  which  arc  rcinovcd  some 
in   the   western    Provinces  pos- 

to  the  central  provinces,  in 
l)Ut  wircb  possess  no  coal  or 
In  these  .provinces,  where  al 


r  u  >t..am  plan^-is  r.niarkahie.  This,  howeve-.  does  not  affect  the 
ahove  hKure.  of  7  1  .s.  of  fuel  per  brake  horse-power  honr.  which  te 
writer  l.elieves  is  a  fair  average  fuel  consumption  for  the  ordinarv  steam 
l^mnrry       ""'  ""  *"  horse^power  capacity,  met  with  throughout  tb- 

The  al)sence  of  smok..  and  smoke-stack;  simplicity  of  op.Tatiou  and 
esign-especially   in   the   smaller   suction   pro,lucer-ga.   povver    plant"- 
an(    saf.-ty   in  operation,  are    a    few  a.lvan'  .ges,  apart    from    1 1...  ereal 
.saving  m  luel    which  woul.i  recommen.l  su. .    a  plant^o  pow!"  prodiu  'r" 

The  grea     saving  in  fuel  effected  by  the  us.-  of  pr.Hlucer-gas  power 
machinery  will  he  most  apparent  in  thost    -■  •■  - 

distance  from  coal  mines,  and  especially 
sessing  lignite  ih'posits. 

The  ahove  remarks  apply  especially 
which  large  a.eas  are  covered  liy  peat  hog" 
known  lignite  deposits  of  economic  value 

the  coal  used  for  industrial  purp(,ses  is  imported  from  ^ome  foreign  so'urc-e" 
the  necessity  for  reducing  the  amoun  needlessly  us,.,l  is  most  urgent 
Moreover  since  th.-  ,.roduccr-gas  power  :,lant  .-an  efficiently  utilize  some 
of  the  cheapest  and  lowest  gra.les  of  ...al  wlm-h  an-  not  suitable  for 
steaming  purposes  the  saving  in  fuel  hills,  resulting  from  the  use  of  these 
low-grade  fuels,  will  he  apparent  to  most  power  producers 

iMiel  Wml  ^t  f"*^  "'""'  <''*;  V'P'''  ?^  Pr''l"t-<''--«l«''*irahleto  install  at  the 
luel  Testing  h  ation.  a  careful  sti,dy  of  the  (piestion  wa.  made  both  in 
European  countries  and  in  the  United  States,  and  as  a  result  two  pro- 
ducers  which  were  shown  to  he  commercially  successful,  w.re  purchased 

The  slow  development,  in  Canada,  of  this  class    of   power   nlani      s 
partly  .lue  to  lack  of  reliable  informati.m  concrning  the  ga      r  ,.lu  er  and 
ga^    engine,    generally     and  the  type  or  .lesign    suitable  for  the  ^jeda 
fuel    t  IS  des.n.d  to  uti  ue-and  particularly  to  the  failure  of  some  plant 
^^hlch  were  guarantee.l  to  satisfa.-torily  operate  with  fuels  for  which  the v 
w,.re  supposedly  designed      While  instances  of  this  kind  a^.  no    common 
ami  otui    l^lo  '"■'  ^"f  "'"♦.♦°  --ause  manufacturers,  powr  producer"; 
T  V     ;  i  ,.*'' >^«' "'"fidence  in  everything  pertaining  to  such  a  system 
By  publishing  the  results  of  the  investigation  of    the    various   fuels 

nou^.*;^  .',"  l^"  T  ""'^v "'  '^'  f  "'■'  '^^^♦'"«  '^^^^^i""'  it  i^  hoped  that  those 
pm  er  users  who  have  been  unfortunate  in  their  selection  of  a  gas  producer 
and  engine,  and  hence  have  lo.st  confidence  in  th.-  gas  producer  and  eas 
engine  as  a  reliable  and  economc  method  of  producing'^power!  will  have 
their  confi.Cnce  restor.-d,  and  their  interest  reawakened  to  the  great  nos! 
sbilities  of  the  producer-gas  power  plant  as  a  means  "^  Jroduc^ng 
cheape  energy  than  can  now  be  obtained  with  the  steam  power-plant  '^ 
hince  this  report  nv.v  he  read  by  many  business  men  who  are  inter- 
ested in  the  development  .,  peat  hogs  as  a  source  of  fuel  for  the  r-  "uct- 
lon  of  power,  an.l  who  may  not  he  possessed  of  the  same  degree  of  know- 
edge  concerning  the  producer-gas  power  plant  as  they  pSss  of  tteam 
ower  plants,  especial  care  has  been  taken  to  describe^  as  minutely T 
possible,  the  apparatus  entering  into  such  a  plant  ""nuiei>    a, 

The  erroneous  notions  which  the  wri  er  has  often  heard  expressed  con- 
cerning the  ga.s-eng,ne  have  led  to  a  more  detailed  descrip  ion  hdng 
given  of  both  the  theoretical  principles  governing  its  operation  and  he 
espective  pars  of  which  it  is  constructed,  than  is  usual  in  government 
techmcal  pu!,lications.  With  this  practical  object  in  viel.^Hlu'trTd 
t.fscnpt  ons  of  the  gas-producer  and  gas-engine,  and  their  auxiliarv 
apparatus,   have  been  inserted  in    the  t  xt-wherever  deeS  necessLry. 


M^HI'^a^ 
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(iKNKHAL    IHillPMKN  T   (H     IM.AN  I",    AM) 

i>r    MACIIINKUV, 


ai{|{a\(;i:.mi:nt 


'I'lic  l'"iiil  'I't'^liiiK  St.ilidii  i- ((luipiHil.  lit  prtsiiit,  with  a  tin  II. 1', 
ilmililc  zoMi'.  Kiiiti'm  pciit  ({a»  priHlniTr,  wiili  «ct  coke  xiiiIiIht,  tar  filter 
and  dry  ■^(•riililicr  ml  a  Wc-tiinjliousf  KMI  U.I'.  Iiitiiiniiiuii..  »ucti(in  n.:i 
prodiiciT.  roiiipli  ir.  with  cxliati-ti  r,  wet  ^i-ruMirr.  (ja^  nccivcr,  and  iiiui- 
turc  x'paraliir.  and  a  tiO  II. I'.,  J  >tri>ki'  «'vili\  »iiiijlr  artiiin  K^irtiim  (in 
rn(jiiii'.  .\  -iiiall  cxliaii^tcr.  driven  l).v  a  J  II. I',  cicctrie  motor,  i*  install 
rd  for  start iiitt  the  pial  (ja^  producer,  and  an  air  tank,  with  eompresso 
driven  iiy  a  '.i  II. P.  motor.  -npplie>  air  iniiler  a  pres>nre  of  nine  atino- 
plieres  for  startinu  the  inline.  A  .V)  K.W.  direet  eiirient  \Ve>tin)ihoii-i 
electric  ({enerator  i>  directK   connected  to  tiie  etujine. 

I'or  the  purpose  of  aiisorliiuK  the  electrical  iiierny  generated  whet 
inakiuu  a  test,  a  .'>(»  K.W.  portalile  resistance,  ami  a  hank  of  .">()()  Hi  c.p 
incaMdescent   lamps  ari'  proviiled. 

The  electric  generator  is  connected  to  a  suitchlioard  provided  with  i 
Weston  am|)ere-meter  and  volt-meter,  from  which  leads  are  taken  to  ti;( 
resistam-e  rack,  to  a  10  II. I',  motor  used  for  drivinn  the  concentratinj 
machinery  located  in  the  same  luildinjt,  to  the  peat  crushing  motor,  am 
to  the  linhtinK  circuit. 

A  small  crusher  driven  liy  a  direct  curi  lit  motor  is  placed  in 
peat  shed:  where  the  peat  Mocks,  as  tliey  irrive  from  the  l)0)j, 
crushed  ti>  the  size  most  suitalile  for  the  p'-  >ducer. 

The  chemical  laboratory  is  lo(»ated  at  one  end  of  the  prodiK'cr  floor 
and  is  provided  with  the  n-cessary  apparatus  for  making  complete  ^a^ 
analyses,  fuel  analyses,  and  determinations  of  the  calorific  value    of    fuels 

Tlie  calorific  value  of  the  producer  k:*-^  i^  determined  liy  iiK'ans  of  a 
.Iimker's  continuous  calorimeter,  which  is  placed  in  the  Vn(jine  room 
close  to  the  jjas  main.  This  calorimeter  is  jirovided  with  a  small  exhaus- 
ter, driven  by  a  ,'„  II. P.  motor,  which  delivers  fjas  at  constant  pressure 
to  the  calorimeter.  The  neiieral  arrangement  of  the  machinery,  testinj! 
apparatus,  and  chemical  laixiratory,  is  clearly  shown  on  V'in-  1,  and 
hence  re(|uires  no  further  explanation. 


th( 
an 


THKOHV   OF   PHonrCKH-C.AS. 

Before  descrihinK  the  peal  gas  producer  and  its  operations,  a  short 
account  will  lie  piveii  ()f  the  princiiiles  iinderlyinji  the  proi'css  of  K«'nfraf- 
ing  producer-fias,  for  the  henefit  of  those  possessing  meagre  techni<'al 
knowledge'  on  this  suliject. 

By  "producer-gas."'  is  generally  meant  gas  formed  liy  the  jiartial  com- 
liustiou  of  fuel  in  a  suitahle  .•\pi)aratu-.  The  term  "partial  cfunliustion," 
when  used  in  connexion  with  producer  work,  may  he  defined  as  the 
incomiilete  oxidation  of  the  comhustihle  components  of  the  fuel  resulting 
in  its  complete  gasification:  and  since  some  of  the  comhustihle  comjionents 
of  the  gas  ev  >lve(l  are  not  fully  oxidized,  while  others  are  not  oxidized  at 
all,  the  oxidation  of  the  gases  may  he  carried  to  completion  hy  hurniiig 
in  a  gas  engine  or  furnace, 

Producer-g.is  is  entirely  different  from  "town-gas":  which  is  formed 
hy  the  distillation  of  hituminous  coal  in  a  closed  retort.  In  the  case  of 
town-gas,  only  the  volatile  matter  of  the  coal  is  gasified:  a  residue  of  coke 
being  left  in  the  retort.  The  heat  reipiired  for  distillation  is  a|)plie(l 
e.\teriiaii>  lo  the  retori,  and  is  furnished  i>y  the  complete  comiiustion  of 
coal,  coke,  or  g;is. 


'9  £K. 


^^  iKW^r-'^^j^^^' 


'"MM   lilt.       Mi<"     r,„lil.i|Mll,|r     <„nilM.„riit«    nf     t|„.     »..-     vvhcvi rl  ,  .,' 

liiiM.  iinidiirls  ,,|    coinliii-liori  "  iiii«  r.nim  -   nt 

,''.„...*.'!.'■"  :V  ■,■• """"  ".""«' I ■■  i...»ii/i." ,  ;„  „. 


M  pn„li„.,.r,  111,.  tuH  i,  «rM.li,..,lly   ,.,.n.imH..|,  ,.in.l     1,     «•  s    r 
■Ir.'ivni  oil.  .liruuKh  piprs.  fo^..„Ki,H.s,  or  utii.,.  ,ip  'intu. 


"I   I'llil,  ill  ;i 

iiir.ili'il   is 


"t  .11  i>  In... I  „r  ilnnv,,.    tl,,.   ,,,rl,„n    will    1„.   .„.npi.f..|v   ..vi,  li/,.,1       I .. 

UU  o|  l„..t  ,|,.v,.lnp..,|  tn.in  12  U.S.  of  ,.M.1.„„  w.iui.l   1,,.  !.7  2(       I      ..,|     'i 
I  ...  r..:H.|io„  ,s  n.pn.s..,„_..,l  l,y  Ih..  U,\Un.\n^  .•li.-ni..al  T-p.     i,  „      "     ' 

in       (      +(),    =    ().,   _L     )-  20(1       11,        ,.,,1^1        ,|-l(lr/>       I)-  ■ 

"•"■-<, -..I o s,a„.i uirtru::;. :,.i'':.v;;;;:n.s ,';,;;:;;  ''•'■  """^'-^ 

(ul.iMfi   "''■'''■'■•  ''i  ■'■'■''•'''■''"'''''•'•'''''■ ''''I'''"  "f<"Tl.oii   in    Ih..   pr...lu,-..r 

;;;;;;;,:''::::Ei:;;\:r/;;;':; :;:::;;;,  r™,,f;«t,:':;:i'^-™ 
;:r,i:;:a;jis:;i:;;;'»i""  '■■■ ' <■•' "■^^'  '-'^^:' 

(2i     CO,  +  (•  =  ._,  CO  _  :}s,ss()  11,.  ,.mIs.     ((i.|,!»S»  M  T    unil.) 

luisnu.     In  t  i<>  lattt.r  ..(isi.  (2).:i(piMntitv  ..    li..:,t     ...Mial    to    '{S  ssii    II, 
|^Mon..s  „u.s,  l,,.appli...l  in  „nl,.r  ,.,  ..tr..,.t  ,1... , !...■.,„.  , 111      ,nf  t''    1    n 

te  itLr;!'""  -"'— '<'i""-i  '^  ■'-  "f  -• 1.  In  this":;.:::; 

...S;:!;;i!ru;;!irl:;:u;-,l';-;;:i.;^^ 
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1 1ll.  i'Miiiii,'  =  i  V ,  H.T.r 

I  H.T.C.=.0  .iV,  .1,.  ,...,|,,rir 


)i 


(     I      ('  +  (»  =   CO    f  •.>!t,H»0    11. .     ciN,      (.V.'.IHK     n.T.     iiiiil-i:   rMii- 
•luriitlv,  whfii  Ihr  2S  III*,  of  (■iiflMiii  tiiuiiiixiili',    ri-iilliiiK  I'mm  tlif  riMitii 
III' I'.'irlxiii  with  (iWKi'ii     ficruriliiiK  Im  f(|ii;i(iiiti  I'-h     i»  luiiiplcli'lv    liiiriii 
In  CO;,    ;i    <iii:illlit,V     iif    li<:it     r(|ii;il     tii    (i,H,(l|0    lli.    lilU.     I«    .lr\ ciulxii 
fdliiiw-: 

I  I) 
Till 


CO  +  O  -  CO,  +  *-|H.0(0  III.  cMJ 
tin.'il  n-*ult  (if  tin-  two    pniccsM 


s.     (l-.>2,»72  M.r.  miit^i. 
s.    iiatiii'ly,    liiiriiiiiK    I'lirlion 
rfMilliiiKKM 


(cai'liiiii  iniiiiiixiiji 


(.V_>,»hS  M.'l"   units). 
Is.  (!■.>•.', J72  M.T.  units). 


ronvcrtcd    ill 
riiiiiliustiiiii 
lilicratcd   win 

till'    ciirlMiii 


I'iirliiiii  iiiiiiiiixiili';  ami  tlu'ii  Ixirii 
to  carliiiii  iliiixiijr,  i»  as  fiillnws: 

r.i)     C  +  o  =  CO  4-  2'.»,l()()  111.  lal 

(4)      CO  +  O  =  CO.,  +  ti,S.Otl)  III.  I 

hy  aililinK  CO  ami  I  J)  r  -f  o  f-  co  -f  o  ^  co  ^  ( o.^  _).  i)7,2(MI  I 
lals.  (174,fH>(l  M.T.  units),  wliirli  ciiwals  C  -f  O,  ^  CO.,  +  <'t7,2(K)  II..  ra 
(l7».!Mi(l  M.'l  .  units).      (1). 

Fn.ni  till"  aliiisi'  it  will  l.i-  .-nn  that  when  jarlmn  is 
rarlidii  nioiioxiili',  al.nut  M)  \>rr  nut  (if  the  tdlal  heat  i.f 
the  carlM.ii  is  lil.cr.'itcd;  the  rcinaiiiiiiK  7(1  per  iiiit  will  I.f 
the  carl.on  iiKini.xidc  is  l.uincil  in  ;i  fiirnacc  i.r  k.'is  cnKiiU'. 

Most  (.f  the  heat   lilicratcd  from  the  ((.inliiisi  mi    of 
carlidii   nxindxide  appears  as  sensil.le  heal    of    the    jjas:    that    is,    the    he: 
carried  awa.v  l.v  tin  jjas  when  it  leaves  the  prdducer.      .\ll  (if  the  lieat   s 
free  in  the  prddlleer  need  nut     l.c    lost    if  the  lidt   jjas  call   I.e     utilized    fi 

furnace  work  or  fdr  any  (it her  piirpdsc  in  which  it    is    not    n ssar--    i 

cool  the  (jas  to  ordinary  temperature.  If,  however,  the  Xii^  i«  l.iirii.'d 
,'i  >jas  engine,  the  nas  as  it  le.-ives  the  producer  must  In  cooled;  the  sciisil. 
heat  of  the  fi:x-  is  then  carried  away  l.y  the  w.atcr  used  f,>r  cooliiiK.  I 
order  to  reduce  the  (|uantities  of  heat  lii.erated  in  the  producer  -whii 
pass  off  .'IS  sensil.le  heat  of  the  uns,  and  cannot  he  recovered  after  le:r  ii 
the  producr  stejim  is  mixed  with  the  air  drawn  thniuKli  the  produce 
The  wiitcr  vapour  mixed  with  the  air,  ill  passing  thnainii  a  Led  df  Ik 
carhdii,  is  reacted  upon  l.y  the  carlion  and  decomposed,  rc^i'ltiii(j  i 
either  CO  or  CO..,  and  settiuK  free.  hydroKcii.  This  reaction  is  acc(.n  panii 
l.y  an  alisorptidii  of  he.at.  When  2  pounds  of  hydroKcn  cdmt>iii('  wit 
Iti  Ills,  of  (.xyKeii  to  form  1,H  pounds  of  water  vapour,  a  r[iiaiitity  of  he: 
(•((ual  to  ."iS,()t;()  111.  calories  is  lii.erated  and  when  this  water  vapour 
decomiidsed,  f  he  same  ([uantity  of  heat  is  al.sori.ed.  The  ((.nil.ustion  of  tl 
oxyneii  of  the  steam  with  the  carl.(.n  is  acct.mpanied,  however,  l.y  tl 
evolution  of  heat  accordinjj  to  either  of  the  e(iuatioiis: — 

C  -f  O  =  CO  -I-  2«t,lt)()  lb.  cals.  (,V2,4SH  IJ.T.  units),  or  C  +  ( 
=  ('()j  +  '.t7,20()  II..  cals.  {174,!t()0  H.T.  units). 

The  resultin^r  chemical  etfect  of  the  decomposltioa  of  steam  I 
carlxm  is  eipial  to  the  sum  of  the  che  lical  effects  of  the  two  separai 
reactions. 

When  the  first  reaction  takes  phic.',  the  (piantity  of  heat  lil.crate 
l.y  the  interaction  of  12  ll.s.  (.f  carl.on  with  Ki  ll.s.  of  oxyjjen  is  2!t,l( 
111.  calories.  The  ((luation  reiircscntinn  these  reactions  mav  l.c  written  : 
follows : 

(."))     }U)  -!-(•  =  II,  +  CO  -  ,-),S.()(l()  +  2!l,l(i() 

=  H,  +  CO  -  2H.«t()0  111.  cals.  (.-.2.020  H.T.  units). 

Ill  the  second  cas(>,  when  the  jiroducts  rcsultinfj    from    the    decon 
position  of  the  w.ater  va])(.(ir  are  free  hydrogen  and  carl.on  dioxide,  it 
neces.sary  to  iiiiLke  the  r-ujipuritit;!!  that  o(>  llj.s.  of  steam  arc   decomposci 


J?t^^.' 


^^i^>^S^ 


V  ii  lilitlU    I  ll.v  nl   li\.lr<i«..|i,  iiinl   ;»2     II.-      nf    I.VV....I.      ..,.1      .1            1 
,f   II,:  i.i>i  II          r  •           .11              ,  ,              '    '"'>'-''"•    "I'll    thi     ;ili-iiri>  lull 
.'       I'.I.'OI..   n.l.in..v       11...  r..,„|,niatlnn    nl    II,..    :{..   |l„     .,,      „\^ 

;-'^'"."'- '" •"••'" 'r .''"'^i'-' "'''••^"   '•''■-•""  II'.  ■■^.inn.-  Ti„  ,,. 

M.,ii  I-  r..|>n-.iit.,|  |,s    111..  ...|ii:ili..h 


•J  11,  <•    t    (• 
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shewn  ill   FiK.  I,  t(.  chaiiili.i-  K,  Via.  2:  wlicn  ihrv  |);i>s  finallv  I  hn.iiijli   I 
tllcl  ut  the  lower  zone  to  flic  two  fjMs.  olT-tiikcs,  H-H   I'ijj-  -• 

S,  oil  VifT,  4,  .,t  the  to|)  of  verticil  pipe  V.  is  ;i  ihiinper  wliieli 
opeiie.i  tonllow  tliCKiisrs  resullinK  Ifoiii  the  eoiill)ilst ion  of  tiie  pent  to  p; 
intothe  ;itniospheri  when  tiie  proiliieer  is  standing  i.ile.  'I'lie  .laiiii 
T,  also  on  Fi^.  4,  is  dosed  while  the  pro.liieer  is  sta!i(lin(r  idle;  hut 
Is  opened  and  the  damper  S  closed  when  the  iirodiiccr  is  in  operatic 
Ihcse  two  dampers  are  provided  with  cover  plates,  which  can  he  read 
removed  when  it  is  necessary  to  remove  from  the  damper  ehaml.ers  a 
material  which  has  .•oMected  therein.  The  vertical  nas  pip,,  v,  is  cool 
hy  means  ot   I'old  water  continuallv  circiihitinn  in    the   jacket     U        T 

' '">K  "■."'<•'■  "'"t'Ts  at  the  l.ottom  of  this  jacket,  and  ovitIIows    at    t 

top.     V\/,  IS  .-1  water  seal,  which    covers   the   open    hottom  of   the    verti( 
pipe  v. 

The  ashes  which  fall  through  the  sral.'  hars  M  into  the  jjas  chamli 
K-shown  in  section  in  Via.  2— are  removed  through  (hior  R.  s|i,,v 
in  I'ljjs.  :i  and  4. 

The  otf-takes,   H-H,  shown   in    Fin;.   2.   .are    providi-rl    with   caps    Ik 
hrmly  m  place  hy  clamjis;  which    may    he    removed    for   the    piirpo-e 
nispe<iiiifr  tlie   interior  of   the   producer,  at  this  point,  or,  for  the  purpo 
o     removiiiK   :iny   dust    or  tarry  matter    which    inav    .•ollcct    in    the   a 
chamhcrs. 

UeferriiiK    to    Fifj.     1  -which    shows    a    i)lan    of    the    pn     acer     a 
|)ipmK  and  clcaniiiK  systems— th<>  two  ends  of  the   pipes  con,„ctinK  tl 
l)roducer  to  the  cleaniiiK  .system  are   proviiied    with   caps  1,  2,  8,  and 
respectively,    which   can   he    easily    remo\ed,  n    necessary,    for    tl 

I)urpose  of  cleariiiK  them  of  any  matter  whi(        .lav  adhere  "to  tlie  wal 
ot  these  [)ipes. 

For  the  purpo.se  of  regulatinn  the  amount  of  air  enterinj,'  the  pr 
ducer  at  the  top  and  hottom  zones,  two  adjustable  air-openings— n, 
shown  in  the  figures— are  jnovided  on  each  of  the  doors  E-E  and  J-J 


Clkamnc;  Svstkm. 

In  order  that  a  sufficiently  cooled  jjas,  free  from  tar  and  dust,  m;i 
be  delivered  to  the  engine,  the  pis.  after  leaviiiM;  the  producer,  pass, 
throufrh  a  I'leamng  system  which  is  composed  of  a  wet  coke  scrubber  I 
(i'lp;.  1),  tar  filter,  and  dry  saw-du.-t  scrubber  F. 

The  general  arransement,  and  means  of  operating  the  eleaniii 
system,  will  be  readily  mnlerstood  bv  referring  to  Fig.  "):  whic 
represents  an  ideal  section  of  the  producer-cleaning  svstem  and  engiiii 
Ihe  pro,lucer  shown  m  .sc-tion  in  this  figun'  is  not  of  the  same  desiu 
as  th,.  one  installed  at  the  Fuel  Testing  Plant  at  Ottawa;  but  tli 
general  arrangement,  and  I'onstruction  of  the  cleaning  svstem  are  i)ra( 
tically  the  same  as  that  illustrated  in  Fig.  o. 

The  gas,  after  leaving  the  producer,  enters  th,'  wet  coke  scrubber 
lig.  o,  at  the  bottom,  and  pas.ses  upward  through  about  3  feet  , 
closely  p;icked  coke,  which  is  coiuinuouslv  spraveil  with  water  bv  th 
si>rays  marked  E-E-E.  In  this  scrubber,  the  hottest  gases  ccmie'  int 
contact  with  the  warmest  water  at  the  bottom:  unallv  i)assiiig  off  at  th 
top  through  the  cohlest  spray.  In  this  manmT,  the  great.'st  cooling  efTe, 
with  a  given  amount  of  water  is  obt.ained.  In  passing  through  the  w( 
coke  the  gas  not  only  loses  the  greater  iiart  of  its  sensible  heat,  but  i 
Ireed  troni  dust,  and  some  of  the  tarrv  matter  which  was  carried  in  si^ 
pension  in  the  gas. 
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IVoiii   the  wet   rokf  -crulilMr  just   (Icxril.crl.  tlic  jjn 
a  tar  filter  placc.l  at  C,  luit    nut    '>1i(p\mi    in    tliis    fiijiin 


passes  iliroiijjh 
This    (liter    is 


' 'I'"'"','"'  "'   "   "linil'er  of  staKKere,!  I,;,f||e  plates,  arnuild  wliii'li   tlie  ijase. 

pass  before  passiiiK  finally  tlirouKJi  four  perforated  metal  plates  Tii.' 
■'afllcj  plates  aii.l  perforated  plates  are  wash.'d  l.v  spravs  of  hot  water 
1  lie  hot  water  for  sprayiiiK  the  tar  filter  is  ol.tained  from  the  return 
.•ooluiK  water  of  the  Kas  engine.  This  Hlter  removes  the  larger  portion 
of  file  tarry  matter  e.-irried  over  from  the  eoke  seruhlxT.  After  li'aviim 
tlietar  hlter,  the  Kas  finally  passes  throuKh  the  .jrv  seruM.er  B  'I'hi- 
serul.her  is  filled  with  exeelsior  at  the  Fuel  Testil.K  Station  instea.l  of 
With  saw-dust  which  is  used  in  some  lilailts.  The  "••xeelsior "  (woo<| 
hhre  al)sorl)s  most  of  the  moisture  and  some  of  the  tarrv  matter  wliieh 
IS  earned  111  a  very  finely  divided  state  past  the  tar  filter.  Mi-fore 
cnterinK  th.|  enjrme,  the  jras  passes  through  a  jjas  reeeiver:  where  the 
nioisture  sti,,  eontained  in  the  nas.  aft.T  passing  through  the  drv  se,iil,l,er 
IS  deposited.  ri,.'  wat.T  eolleeted  in  this  ^as  reeeiver  is  pumped  out  in.iii 
tune  to  time    -preterahly  at  the  end  of  a  week's  run. 

The  wet  ecke  seruhber  contains  aiiout  .■)(»()  Ihs.  of  coke.  Th.is  coke 
shouldl.e  taken  out  and  wished  aliowt  once  everv  two  or  three  nioiit  h- 
I  lie  <'Xcelsior  in  the  dry  scriiiiher  should  lie  renewed  everv  two  or  thre.' 
months.  I'he  con.lition  of  this  excelsior  can  he  readilv  ascertained  at 
any  time,  when  tlie  plant  is  not  in  operation:  simpiv  hv  r-movinn  the 
c(.vero  the  ,ry  scrul.I.er  ami  inspecting  the  content.s.  '  The  frecpiencv 
witti  wtiich  the  cleanuiK  materials  re(iuire  to  he  treated  or  renewed 
varies  witli  the  cleanliness  of  the  gas.  If  the  gas  pass.d  throudi  th(' 
system  contains  much  tarry  matter,  which  is  not  separated  out  l.efore 
reacfimg  the  .Iry  scriihlx-r,  the  excelsior  in  the  scrul.I.er  will  soon  I.ecomc 
coKKed,  and  cease  to  fulfil  its  functi(m  of  ahsorhing  moisture  and  further 
eleaninR  the  jras;  and  will,  moreover,  offer  a  consideral.le  resistance  to  the 
passage  of  the  gas.  The  resistance  m.'t  with  l.y  t\w  gas  in  the  ditTen.iit 
parts  of  the  cleaning  system  is  shown  l.v  means  of  suital.lv  placed  water 
gauge's. 


Pkimiplk  of  Oi'KruTioN  OK  THK   K(>KTiN(;  Peat  Ca.s  Pkodix  kh. 

When    the   ijroducer   is   in    the    im.per  conditic.n  for  operaticm,  that 
portion  between  the  lower  grate    bars  M  and  tlu'  grates  F-F  (Fig    2)  of  the 
ui)per  zone  is  complet<'ly    filled  with  peat  coke:  peat  free  from  moisture 
and  volatile  matter.  That  portion  of  the  pn.ducer  between  tlie  upiier  grate 
level  and  tops  of  hoppers  A-A.   is   filled  with  raw    jieat :  jieaf  as  it  .•oines 
from  the  shed.     The  lunctioii  of  the  upper  /one  consists    in    driving    the 
nx.lsture    and    volatile    matter    from    the    i)eat    wliich   suiiplies  the   lower 
zone.      lo  prevent,  as  far  as  jiossible,  the  products  of  combusticm  in  the 
ujiper  zone  tnmi  being  drawn  by  the  suction  of  the  exhauster  or  gas  engine 
straight  down    through  the  producer  and  out   through  the  off-takes  H-H 
instead  of  being  drawn  out  through  C  and  then  having  to  pass  up  through 
the  incandescent  fuel  in  th(   lower  zone  bef'on-  reaching  H.  the  Construc- 
tion ()f  the  firebrick  lining  is  made  as  shown  in  Fig.  2:  a  contracted  neck 
G    being  made  just  Ix-low  the  upper  z(.ne.     When  the  producer  is  eiitirelv 
hlled  with  peat  coke  to  the  upper  zone  grate  level,   the   resis' atice  offered 
to  the  passage  of  the  ga.ses  evolved  in   this  zone   through   the   contracted 
neck  G  is  greater  than   that  offered  to  the  passage   of  the  gases  through 
chamber  B  and  pipe  C  (Fig.  2),  down   through  pipe  V  (Fig.  4)  and  chamber 
K   to  the  lower  zone:  and  then  up  through  the  incandescent    carbon    to 
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the  ntT-t:ik(<    H-H.     Tlii-  iliiiiMr  /.(.iic  cnn-t niitioii    inukis  it   |nis<ilil,. 

tVtd  till-.  Mild  istiirr-lriT  I'licl,  to  the  li.wcr  /i.iir,  uhcrf  tlic  liiilk  of  tl 

tiii.'il  jj;i>  is  lorniid. 

The  (■nmlm-tion  tiikiii^  plncc  iit  rlic  iippfr  Zdiic    i>   jiwi    siitlicicnt 
supply  the    hciit    iicccvsjirv    ti>   cviipoiMtc    the    iiioistiirc  :iiii|  ilrivc  utV  ll 
vdImIiIc  liiMttcr  coiitMilicil  ill  till'  pcMt  fell  intn  the  hoppers  A-A. 

Tlic  Kiisiuiis  priMJiiit-.  viz..  wMirr  VMpiiiir,  tiiriv  viipoiirs.  chIm 
IlKiiinxiilc,  cailiuii  (lio.\i(lc.  iiiid  ;i  -iiimII  pcri'.iitMKr  "f  |£:is«'<'il>  IiviIiim-.i 
1m.ii>.  ill  the  tunil  of  st.iMi'  n;,i>.-.  iv-iilliiiK  I'lolll  the  niliil.iisl  ioii  tiikii 
pl;i.c  III  the  upper  zone,  nrc  ilmwn  otV   a>  cxphiiiicl   prrvioiisU  .  ihroii-i 

till'    chaiiil.fr    B    (l'i(;-    '-'•    Mini    ilowii    tlirouuli    th.'    wjilir- INmI  pipr 

iFiC.  »)  to  the  ifM-  cliMinlx'r  K.  Ioc.m'.'.I  iin.j.T  the  fiio  of  ttn'  Iow.t  zoii 
Soiiir  of  tiic  moist  lire  Mild  tarry  VMpoiirsMiT  coiidfiiscd  on  (lir  walcr-cooli 
surl'.icc  of  pipi.  V.  and  droi' to  llii'  l>ottoiu  of  tlic  water  si.;il  W  I'iii.  t 
troiii  wiiiiii  llic  tar  can  Ix  readily  n-iiiovcd.  'I'IimI  portion  of  the  w.ali 
Mini  tarry  vapour-  wliicl.  rscapcs  (■ondcn^.ition  in  pas-injj  down  liu'oun 
the  waliT-coolcd  pipe  V  is  drawn  up  tiu'oiinli  ihc  incandcscrnt  pc; 
coke  of  till'  lower  Zoili\  and  tliroutjli  llie  (jMs  otT-tMkes. 

.\  pari  of  the  moisture  which  e-capes  coiideiisMlion  in  the  water-eooie 
pipe  V  i-  deeomposeil  liy  reaction  with  the  hot  earlion.  formiii)t  t'rc 
hydrotteii,  carhon-iiioiioxide,  and  carlxui  dioxide.  I'art  of  the  carlm 
dioxide  is  reduced  to  carlion  monoxide,  and  some  of  the  t.arrv  vapoui 
are  changed  to  sfaiile  gaseous,  hydrocarhon  compounds.  '|"he  followin 
analysis  shows  the  composition  of  ;i  sample  taken  from  the  nascs  evolve 
ill  till'  upper  zone; 

'  • '" l'>')  per  cent  1)V  volume. 

CO     .      .                                     7-'        "  '         " 

<>.  :i.'2       •' 

•  '■,11,  0.7       "  " 

the  residue  heiiiK  chiifly  nitroKi'ii-  The  tiases  also  contain  water  an 
hytliocarlion  VMpoiir-,  which  conden-e  in  ihesMiiiplc  hottle  l.efore  Mlialysi: 
In  order  to  ensure  the  best  operation  of  this  producer,  care  must  li 
exercised  to  ascertain  the  most  siiitaMe  size  to  which  the  peal  fed  into  th 
hoppers  should  he  crushed:  since  the  peal  in  passinjj  through  Ihe  producei 
remains  only  a  eompar.itively  short  time  in  the  upper  comhiistion  zone 
and  the  process  of  cokinj;  must  lie  completed  in  this  interval.  If  the  pea 
is  too  wet  or  is  not  crushed  small  enough,  the  peat  passing  through  Ih 
contracted  nei'k  G  to  the  lower  zone  will  lie  only  partiMllv  coked,  .aiK 
in  some  cases  only  the  moisture  will  he  evaiiorated.  The  grcMter  111 
moisture  conlenl  the  siilMller  should  he  the  pieces  of  pe;it  fed  into  ill 
producer. 

When  pcMt  only  partially  coked  finds  its  w;iv  into  ihe  lower  com 
hiistion  zone,  it  is  impossihle  to  ohtaiu  ;i  gas  sufhciVnilv  free  from  tar  fo 
usi'  ill  the  gas  engine. 


I'hki'auation  ok  J'kat  Cas  I'lionn  Kit  kou  Oi-kuation. 

Ill  starting  up  ;i  clean  producer,  a  wood  fire,  or  preferaMy  one  o 
coke,  is  htiilt  on  the  grale  bars  of  the  lower  zone.  When  this  is  wel 
under  way,  peat  i.s  slowly  fed  into  the  hoppers;  time  In  ing  allowed  fo 
the  peat  to  become  thoroughly  heated  before  a  new  charge  is  put  in.  Ii 
this  manner  the  producer  is  slowly  filled,  until  the  grate  l>ar-  of  the  iij)])- 
zone    are    passed.      .\  fire  is  now  built   under  the  grate  bars  of  the  iippei 


■C*  ••i". 


I.'l 


?.','"'/  '"!Im  **'V'"  "'"'  '"■''  '"  ''''"  "'"''■'■  **■•■'>•  ""•  l">l>|Mr,  in.'.v  l.r  .■nini.l.i.lv 

fill.'cl.      II...  ,|i,m|MT  S  V\k.  I,  nni-^t  iviiiMiri  mtir.  Iv  n|>.'ii.   m.mI  thr  .l.u :,• 

T  rIoHMl  .lariiiK  thr  o|MTMtioii  ui  Ijuil.lillK  U|>  tlir  pnidiinr.  Thr  lowrr 
.I.M.rs  J-j  Mild  R  FiK.  J,  ah.Hil.l  hr  oprnnl  wi,|r  tc,  m11„w  „f  a  „.„„|  ,|,,,,-, 
thiiMinh  thr  pnidiicrr. 

Wlirn    thr  proiliicT  is  siillicirntly  i,i.t   .mil  thr  (irrs  ,,f  the  iipih  i    iii.l 

owcr  zon.-s  iirr  l.urninK  wril,    thr   ,h„,rs    |-|  mii.I  E-E  r.-.i,   l.r   rl I    m.l 

t  !<•  dainprr  T  mikI  thr  valvr  adniitlimt  kms  Inmi  thr  ptodiirrr  tu  thr 
<'lraiiliiK^vstrm..priir.l.  Thr  rximustrr  al.uvr  rrfrfrrd  to  is  now  put  i„to 
oprration,  and  ahourd  to  nin  until  thr  ^as  will  liurn  with  a  strong   ,lrar 

lilur   flallir        ' —  *' -  .■     ■    .  s.     ■   .n, 

of  thr  Has 


■•'or  thr  purpose  of  drtrrmilliliH,  appioxiinatrlv.  thr  quahtv 
„  .  ,  ,  .  '"  '•'-'•nlx'd  al.ovr  a  pilot  l.urnrr  is  provi.lr.l.  '  Thr  daniprV 
S  IS  riosrd  inuilrdlatrly  atirr  thr  riiKiiir   is  put  into  oprration 


>,'  our  o! 
s  is  wril 
lowed  for 
t  in.  lu 
fhi'  apjxT 
hr  upper 


THK   C.A.S    KNdlXK. 

A    St.vTKMKNT     ok    T.IK     I'uiN.in.KS     rM.Kl(I.VIN<;     lis    (  d-KHA TIoN,    xv„    v 

nK«(  UIITI.IN  OK  niK  JMtlNI  II'AI,  1'ahTS  KNTKUINCi   Into   I  |  .s 

t'oNSTKI  (  TION. 

Of  all   the  primr  movrrs  used  for  the  production  of  powrr  l.v  the 

ronvrrsion  (.1  thr  hrat  .■nerK.V  of  fuels  into  useful  work,  th.'SasrUKiue  or 
mterna  roinl.ustion  motor,  is  the  least  understoo,!:  parti.ularlv  in  Canada 
I  he  lark  ol  inforin;nion  on  the  part  of  those  possrssinK  I'lit  lit'tlr  Irrhnieai 
knowlrdgr,  IS  dur  to  the  e.miparatively  ree.'ut  drvelopmrnt  of  this  prim.- 
n.ovrr.  Not  very  many  years  ago.  thr  ^as  ...iKinr  eoul.i  srarrelv  I.e 
••ailed  a  eoii>n.ereial   sueees.s,  .lepen.liiiK  as    it    did    on    town    Kas    f„r  its 

".'"■■■".  '."",  .'"""K  "'•'•  P''"'"'.  all  th..enKiueseonstni<'te,l  w..reofsn,,dl 
siz..:  ..,  H.I  .  hriuK  trrn.ed  a  large  gas  ..ngin...  This  limitation  was  larK..|v 
influrncrd    l,v    thr    tart    that,    the    only    fuel    availahle  wa  ' 


imitation  wa 

town-gas 


mnurne.Mi  hy  thr  tart  that,  the  only  fuel  availahle  was  town-gas^u 
naturally  expensive  fuel;  ail<l  that  thrs..  engines  were  installed  at  that 
tune,  not  on  a.Tc.unt  of  thrir  superior  .•rononiv  over  stram,  l.ut  on 
arrountof  thrir  simi)lirity  of  operation.      Dur.    however,    to  the   marked 


im  roytnent  m  both  drsign  and  eonstrurtion  of  gas  rngines.  resulting  in 
greater  eff.ru  nry  ami  rrl.ah.l.ty.  ami  due  to  the  introdurtio.i  on  tlu- 
niarkrt  of  romn..Tc.,ally  surerssful  gas  p.'.Mlurrrs.  r.apal.lr  of  furnishing  ., 
r.^.rai)  powrr  gas,  thr  drvrlopmrnt  of  this  riass  of    powrr    plant    has    l,r,.n 

Today     gas  rngines  are    huilt    i.i    sizes    varvi.ig    from    ,i    few    horse- 
power, to  .•<.(.()()  or  4.(MK)  H.P.:  an.l  th,.   vari...!' appliration  of  this  prtne 
mover   .n    all    .nanutaeturi.ig    industries,    testifies    to    its    great   su'-r-.s 
-Moreover,   the   possibility    of  gemTati.ig  a  rlean  and   eheap   pro.lur.T  gas 
coals  tound  o.i  tli.s  continent    coals  which  can   he  utilized    with 

..ts     is  .-esulting   in 
,  ,  I'lig.ne.  hy  its  more  efficient    a.id 

rco.nmi.cal  compet.tor,  the  gas  engi.ie. 

It  is  for  these  reasons,  ami  the  fact  that  so  little  is  kn,mn  concern- 
ing the  appl.cat.on  of  the  producer-gas  engine  to  th( 
.n    Canada—a    lack   of   knowledge   which   has   l.ren 

nd.culous  statemrnts--that  the  f.mdamental  principles  ,'„,  whi'ch'  "t'hi"  gas 
ng..ie  .s  des,gm-d  hav     ,een  state.l.     A.i.l  sine..  .nanufaetur<.rs  and  others 


from  the 

great  economy  in  thr  modrr.i  producrr-gas   power   plai. 

thr  gradual  displaee.nent    of   the   steam    engine,  hv  its 


var.ed   .ndustries 
responsible  for  ma.iv 


( 

•  l.rretly    interested    .n 

developed  from  steam 

the  prineip/!!  p;irt^  entering  into  ii^ 


dr.srribed  in  the  following  pages. 


>iir   production   of   a   chraprr   power   tha.i    ca.i    be 
may  be  desiro.is  of  k.iowi.ig  moreof  the  gas  e.igine, 

lolli  illustrated  and 


coiistructlu.i  iU'e 


■!PiPP^i> 


^!" 


TlIK     KlKKNM,    (    liMHIslniS     M<>|i.(|. 

Wll.ll    ;i    romliU-tlMr   u:,-,    hicIi    m,    tuuil   K;iv    llMllinil   KM-,  i.r   |>nH 

K.1-.  I-  mivc.l  \Mtli  ihr  .'iin.'iiiit  ol  !iir «siiv  for  ii-.-oiiipl..|r  .■..rnlni. 

Miicl  Ih.'ii  iKiiiti'.l,  III.'  |,i-,mIii.|s  uI   (■..inl.ii«li..ii    will    l>r    !i    liJKlily    In 
Kiis  ...•.MiiniiiK  M   vny  rniK'li  |..,rK«r  v.ihini.'  Ht   nliii.oplicrir   nrr^Miri' 
III.'  iriixtiir.'  nt  thr  K,,^.>  .ji.l  iHlurr  i(jiiiii„i,.     This  |.r..|«rtv  i.i.ss,.sm' 
llMxw  l,M.  |„.,.n   ina.lr  iiv  ..f  i,,   ih,.  „,„    „r    inlrriiMl    .•Mmliii-ti..i,    ni 
iiiKJ  IS  III,.  |,:i-ir  iiriiK'ipli'  iiiiciirlyiiiK  it- opcrMliuii. 

The  iiit.rii.'il  .■..ml.iisiii.ii  Miotur  <l.ri\rs  it,  ntiiiir  In.m  llir  fin'l 

"';■,  ' ;■-*••"■>    '"■;"   rf<,inrr,|   l,,  ilrvrlMp  ll,,'  power  ill  ll MKilM'  i,  lull 

'•'I  I'v  th..  (•oiiil.iisli..n  ..I'  ;i  niixtuiv  „<  a  m- il.iiMil.lr  u-a-  mm.I  air  in 
lylindfr  ol   tlif  i'ii(tinc  itsrlf. 

Th.Tr  are  two  principal  t>pc,  of  ..a,  rnKiiies:  (  D  i|,o,(.  opnaiin 
the  1  cyrlr  wliicli  arc  K.iicially  ,i|ii£|.-a.l  iim,  and  l2l  tli.xr  ...i  the  •_>  . 
principle      wlicli  a,v  generally  iloiil.le-aciiii(j. 

A     »    cycle    eii«lne    i,    one    wliicli,    when    single     acliiiK,     .levelops 
power    MroKc  tor  every  two  coinplele  revolutions:  while  a  2    cyeli.      si, 

.nlintr  -ntJine,  develops ,„,„er  -Hoke  or  iiiipiils,.  lor  everv'sin^'l,.  r. 

"'"";•  I  h.'  majority  .,f  Ka>  engines,  |,„th  small  and  larije,  .,p..rat. 
the  I  eye.,'  principle;  and  this  type  of  cnKi,,,.  „„,.  ..f  which  is  i„st: 
at   the   iMiel    iestiMB   I'laiil.  Ottawa      will  lie  descrii.ed   here. 

An  explanalion  of  the  operation  of  the  »  cvcle  Kas  engine  will 
iHlter  un.hTsiood  l.y  lelerriiiK  to  the  ideal  sectiim  of  the  peat  producer 
power  plant   >howii  in  Ti^t.  .">. 

The  principal  parts  entcrinn  into  the  construction  of  anv 
••iiKme  are  (1 )  the  moval.h'  parts  .■ontrolliiiK  I  he  inh't  valve  for  the  mix 
«'Ums  and  air;  (2)  the  piston  which  draws  in  this  coml.iistihle  mix 
■ii'.l  eo.npres.es  ,t :  (IJ)  the  iKiiiti.m  <h  vice  -which  at  t he  proper  mon 
Ignites  the  iiillammahh'  mixture,  causinK  it  to  hum:  and  l»)  the  exh: 
valve  throunh  which  the  spent  Bases  are  dis,.harKed   into  the  atim>sph 

I  he   governor    which    controls    the   S| ,    of  the    ei.Kim'    is    ,Mie    of 

most    iii.portant    leatures    of    any    cnKiiie.    and    is    shown,    in    .letail 
another  illustration  which  will  I.e  descrilicd  later. 

DktaILKI)    Dk.si  KII'TION    of   (Ia;,    I:n(;ink    Paut.s. 

H.'ferriiin  now  to  Fij?.  :.,  the  dillVrent  jiarts  nill  he  enumer;,te< 
their  order: 

-NO.  1  is  the  valve  for  rejjulatiiin  the  air  and  )j;is  mixture 

No.  2  IS  the  valve  atitomati<'ally  operated   l.v    the    suction    stroke 

the  f;as  eiinine,  tliioiiuh  which  the  mixture  of  air  and  iras  is 

mitted  to  the  cylinder. 
Xo.  ;<  is  the  admission   valve. 
Xo.  i  is  the  exhaust  valve. 
Xo.  :>  is  the  cohiiectiliK  rod   which    transmit-    the    enerftv    dcvelo 

111  the  cylinder  to  !  1,(.  crank  shaft  and  fiv-wheel 
X<..  (i-()  IS  a  space  hetuveii  the  cylinder  lin.T  and  th..  cvliii.h'r    cas< 

which  IS  cooh'd  hy  circulatinji  water.      This  water  ahsorhs  par 
he  hirjiiMpiantity  of  he.it  devehiped  within  the  cvlin.l..r  an,|  t 

Keei)s  this  part  ot  the  ennine  cool. 
Xo.   S  is  a   iiipe  throilKh   which   the  cooliiiR  water  from  the  rms  . 

passes    to    the    cylinder   jackets.      These   are    the    principal    u-, 

which   need   l,e  here  enumerated,  and   which   will   he  moir  fi 

de.scnhed  later  on 


RP: 


•.  Ill'  iiriiiliii'cr 
'  I'liinliiistiiiM, 
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>rc>.<iirc   tliMii 

|i(»-.t'>,ct|  liy 

-limi   ('ii({iiic, 

thf  t'Mct  tli;it 
IH'  i»  riiiiii«li- 
kI  ;iir  in   tlir 

iipi'i'.'iliiiu;  (III 
III  the  '2  cycle 

:cv('lii|i^  iiiic 
yclc,  ^iiinlc- 
"iiinlc  rcvol- 

•'PCI'IltC      III) 

is    installed 

sine  will  !)<■ 
Iirofjiiccr-Kiis 

it'  any  K''^ 
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The  ..peralion  of  the  eiiKJnc  can  lie  e\plained  a-  follow,:  - 
After  adjiiMiiiK  valve  I     „,  that  the  iiece^arv  amount   of  air  can    he 
drawn     in    with    the    Kav     to    ensure     complete    coml.U-tiol,      consider    the 
eliKllie    to    lie    l.emiiiim«  ,.„  i,,  ,1,,,„|  ,,,„,,,.     ^,|,,,   ,,„,      j,,,,,^  _,^  ,,^^  ,^,^^  ,.  ^^ 

It  .•.■iim-  I  iirin«  the  lir.t  lorward  Mroke  or  fiiM  half  revolution  the 
adn>i-ion  valve  .ipen,  and  an  amount  of  a  mivlure  of  air  and    uas   e,,u.,l 

',"    :i"^'-;;'*y    '•>  /  "■    l'is>"n    d.splace nt    l,    drawn    ,n.     Tl.i-   mivtui'e. 

''"''"'«  '!"■  - "'I  'i-  '  revoluti ■  liackward  Mroke.  i-  eomprose.l    and 

then  iumted  at  M.:n..  point  (hteriiiined  l.y  the  iunition  i-milator.  liefore 
h.compre^Monstnike  IS  .,uite  comphtcd.  The  K.„e-  now  innited  are 
urlhereompre,,...!    until     the    dead    centre    i>    pa,-cd,    then     the    pi,I..n     is 

l..rc(d  torward  (lunnK  the  first  half  of  the  second  revolution  hv  the 
.•xpan-ion  o|  the  hmhly  heated  ^ases.  |n  expaiidini:.  -oine  of  the'  heat 
ot  the  K:ise,l,  converted  into  useful  work,  while  the  laruer  (Hlantilv  i,  lo.t 
m  th..c.Milm«  water    at.d     in     the     exhauM      ua^.-     wliic,       ,'re     ,l,.charu..l 

"'"""'  ••'•"! '"•'•'•■.  DuriiiK  the   next    liackward    -troKC    or    comphtion 

ot  the  secomi  revolution,  the  exha.ist    valve  ( ns  and    f„     spent    ua^es 

ar.    dlscliarKed   through    the  exhaust     pipe     into     the     atmosphere,      -riiis 

.•ollipl...,s    the    cycle    o|     operations.      Suu;-    producer     k.is    i,    ,.,    , ,.,1- 

..t.veU  han  or  weak  (•onil.ustilile  k.,s  that  i>.  a  u.'i-  which  has  a  low 
h-'MtiiiK  value  per  culi.c  toot  it  may  K-nerallv  I.e  c.  ..,|,re„e,l  to  a  eom- 
i.arativelyhiKher.hnree  than  a  rich  Ras.thereliv  increaMiiK  the  therm,,! 
etticiency  of  the  engine.  The  compre-Mon  with  which  «,as  eilKines  arc 
il'siRiied  to  operate  (lep(  nds  upon  the  nature  of  the  gas  it  i>  intended  to 
use.  .•or  pn.diK'er  Kas  a  .  .impression  of  I  ft)  p,i„nd.  per  .(,uare  inch  i-  eoin- 
moiKwhilcahiKher  com|ircsM„n  is  u-e.l,  when  utili/iim  vrv  han  Ka-e- 
■•ucli  as  lilasi  turnace  nas.  ThroiiKh  the  introduction  of  hi«h  compn-^ion- 
the  iHTm.Mlefhcleiicy  I..-..  I  he  perccntaKe  of  the  total  heat  units  of  the 
(jas  liurne,  m  the  cylinder,  which  are  converted  into  useful  work  has 
ITCII  largely  increased.      Theie  i-  a  limit,  however,  to  the    .h^Kice   of   com- 

press.on  w  iich  It    IS    practha! r    p(i>silile    ,„    „se,    ,„.(l    this    limit    i- 

-l<'t(Tmmc(l  to  a  lar^c  extent  liv  l).'  components  of  the  ^.i, 

I  !..■  thermal  eflicieiicy  of  a  well  doi^r,,,..!  >r,.,s  en^dne  is  in  the  neiKldiour- 
hood  ot  .{|  per  cent,  although  for  some  engines  a  somewhat  hiaher  thermal 
.tlKaency  h|is  l.een  reconhd.  From  this  it  will  he  >een  that  oiilv  ;f(l  per 
'■'■nt  of  the  heat  units  of  the  Kas  (hlivered   to  the  eiiKine  i^  converted  into 

work.      Ihe  other  ,()  per  cent   is  lost   in    the   exhaust    KaM.s   and    c in-/ 

water.  I  he  whole  of  the  M)  per  cent  referred  to.  however,  is  not  availaMc 
lorpowcr  purposes:  smee  a  portion  of  it  i-  alisoriied  i,,  overcomini;  the 
l.'sist.ance  (it  the  m.iviliK  parts  of  the  cnKine.  For  cx.ample.  if  the 
""•'•liMlilcal   ylhclency   ot    the  engine   is  <.HI   per    cenl       ||)    pep     cent     of     the 

''"'.'.'''''■''  •;■.'!;  .'.'o''  'M'   '  '•>•''■"''■'•  l-'i"«  "-'l  >"  'IrivillK  the   eimine    itscll 
then   .i()X!t(      or  2,    per   cent,    will    represent    the   net    or    reaf  cmcielicv 
ot  an  eiiKine  who-e  thermal  efficicncv  is  :',ll  per  cent 

rill-  etiiciency.  however,  will  lie' Men  to  lie  verv  lli^h.  when  conip.a red 
Wltli  tlie  ver  low  efhciency  which  is  realized  with  the  average  small 
s  •■am  pluit.  Fn  these  plants,  the  conversion  of  the  total  heat  units  of 
"!<■  tue  I'Urned  under  the  boiler  into  useful  work  is.iften  below  -A  per  cent- 
Willie  the  cticiency  of  the  eiiKliie  for  small  plants  sehhim  e:<ceeds  (i  or  7 
l'«'i  (vnt.  I  his  low  thermal  efticieiic\  c(im()ares  verv  unfavour.ablv  with 
'ii.it  wliich  can  be  realized  with  almost  .anv  (j.is  ennj,',,.. 

In  the  case  of  the  steam  eiijjiiie.;i  larnedverhiad  niav  be  oiitaiiied  liv 
makiiin  tlie  cut-ofl  later  than  is  comi.atiiile  with  .coiiomv.  On  theother 
".'"Kl.  tlie  .f'.as  (.iiKine  runs  more  nearly  witl,  maximum  ecoiiomv  at  it- 
niaMtniitn  !,-;;,■   at.o    has,    thcnfoiv.    a    much    smaller    overload    capacitv. 
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Tin-  miixinium  f<onom.\ of  the  r<i.'uin  ciiniiif,  ln.wcv.r  i-  uiih  ..ili.r 
••iiKim-H  H  only  rrali/.Ml  wlin.  it  i-  o|Mnii..l  at  it-  iiortiial  ruliiiK  >,r  l.>:i.| 
Mu'  the  fa«- I*  .iitircly  (htT.'niit  with  ih..  k.'i<  .MKinr,  iti  wlmh  tlii 
I)l^t«.ll  .nsiilacciiiinf,  r(.iiipr.-.M.ni,  aii<|  (|ualitv  of  tUv  mi\liir.',  limii  ih. 
iiiaximuni  powiT  .Lvrlo))..!  whin  tl.r  ciiKii,,'  fmlv  -Iraws  in  a  (oiniil.ti 
lyliiHlir  volume  ron^i^ting  of  a  mixfiirc  of  comlniMiltlf  gas  mikI  air  Tin 
iiiaxmiiiiii  pou.T  the  nas  ciiKiiie  i^  caiml.l-  of  (IrvclopiiiK  o.rur-  wh.ii  th. 
ahovc  .•oiuIiIiohh  are  <'oiii)i|ie(l  with;    greater  loa.liiiK  will  «low  the  eiiKi,,, 

I'lill;  n 


Ditail:  .-hiiwlni!  «l»-il  (.ir  rcuuhitinK  niranil  Kn>  uiixturv.-.  al-o  ai'-  valve 
for  ^•larlin|,'    '      ■"■••nc. 

.ioui,  and  finally  sto])  it.  Manufacture.  .  ^elliuK  gas  engines  often  state 
ttiat  a  10  iHT  cent  or  even  20  per  cent  overload  can  hv  carried  for  short 
periods.  This  simply  means  that  the  normal  rating  of  the  engine  is  10 
per  cent  or  20  per  cent  under  the  maximum  power  which  th<-  engine  ts 
cMi>;!!-.k'  of  dtVf'iopuig,  as  rxphunod  i<ievioii>iv.  Moreover,  the  etficiency 
ol  ;i  gas  engine  falls  off  rapidly  witli  diminution  of  lo:id  helow  the  maximum 
rating  so  that  in  order  to  realize  the  maximum  economy  it  should  I.,  operated 
iis  near  its  maximum  rating  as  is  possible 
21256—3 
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nKSCIllPTIO.N    (PK    SOMK    OF    TlIK     I'kiNM  IPAL    PaHTs     KntKHINC     INTO      1 
CoNSTlUf  TION    OF    TlIK     KiiiMlNd    (\\S    KncINK. 

MLniiij  \'(iln'. 

Tlic  lumd  wheel  tor  refrul:itiiif;  the  iiiixHire  of  niis  :iii<l  .'lir  is  shown 
I'lnte  IV.  The  liaiid  wheel  C  has  on  its  liiih,  just  under  the  letter  ( 
graduated  scale,  which  shows  at  a  kImiicc  the  proportion  of  gas  to  air 
the  inixlure.  hy  turning  the  wheel  to  the  left,  the  quantity  of  air 
increased  and  the  ^as  decre;ised,  and  ricr  ni-.^n,  the  fjas  is  in('reased  ; 
air  decreased  when  the  wheel  is  turned  to  the  risht.  The  air  is  dra 
throuKli  the  pipe  A  and  the  (j.is  through  pipe  B,  and  enters  the  mix 
valve  throilKii  oIiIoiim:  slits  cut  on  a  conical  ilruni  attached  to  the  lei 
wheel  C. 

The  fias  and  ;ur  are  thoroughly  mixe(l  and  admitted  to  the  co 
l>usti(m  chamher  throunh  two  annular  ports,  which  are  covered  hv  I 
two  alinularvalve  seats  la)  and  (h).  res|>ectively,  as  indicated  on  'I'l; 
\  ,  which  shows  the  top  of  the  mixing  v.ilve  removed.  'I'his  valve 
o|)erate<l  l.y  the  suction  stroke  of  the  fias  eiifiini',  which,  l.v  erealiiifi 
partial  vacuum  I.etween  the  top  of  valve  I  and  the  top  of  aiinul'.ir  valve  s( 
(!l),  causes  the  valve  to  rise:  it  closes  immedi.atelv  when  the  cvlinder 
filh'd  with  the  mixture  of  giis  and  air.  .\nv  impurities  which  mav  1 
and  olten  are,  carried  in  the  fi.-is,  such  ;is  tar,  dust,  etc.,  collei't  on  t 
tw()  .seats  (a)  and  (hi.  and  if  ileposited  in  larne  (piantitv  mav  inlerf( 
with  the  proper  working  of  the  valve.  The  cleanliness  of  the  valve  c 
lie  readily  ascertained  liy  the  sound  made  Kv  the  metal  plate  attach 
to  the  top  ot  the  spindle  carrying  the  two  valve  seats,  when  se.atinj;  on 
flat  metal  surface  in  the  depression  shown  in  the  top  of  the  cover  jilate 
the  entire  valve  top;  the  UK'tallic  nature  of  the  sound,  when  the  valve 
clean,  is  notalily  niodifieil  hy  n  slight  deoosit  of  tar  on  the  seat  of  t 
valve  Since  this  top  can  he  very  easily  and  rapidlv  rcmov.d,  it  shot; 
be  t.iken  out  at  the  termination  of  a  run,  and  cleaned  whenever  it  hecoir 
sluggish  111  Its  operation.  If  at  any  time  during  the  o|)eratioii  of  t 
engine  this  valve  shows  signs  of  sticking,  a  few  drops  of  gasoline  i)ut  in  t 
ciii)  on  top  ol  the  valve  chamlier  will  remove  the  stickv  matter.  The 
precautions  are,  however,  entirely  unnecessarv  when  the  producer  is 
good  order. 


A<l mission  Vdlre. 

The  gas  admission  valve  is  shown  removed  from  the  gas  cliamlier  i 
1  late  \  ; -'  IS  the  mushroom  valv.  .ind  spindle,  and  3  is  the  valve  seat  ai 
(•age.  This  valve  is  .actuated  irough  two  levers  and  a  connecting  ro 
l)y  a  cam  m\  the  lay  shaft  which  is  driven  at  half  speed.  The  valve 
closed  l,y  a  compression  spring.  If  tar  is  carried  in  the  gas,  .some  of 
generally  collects  on  th<'  bevel  seat  of  this  valve,  and  the  heat  in  the  <'oi 
hustioii  chamlier  I.elow  has  a  tendencv  to  hake  the  tar  on  the  valve  cau 
ing  It  to  seat  imperfectly;  or,  if  the  tar  is  not  heated  sufficientlv  to  l);il 
It,  the  valve  becomes  .sticky.  To  remove  this  difficulty,  pour  a  mi 
ture  of  oil,  .soap,  and  water,  in  the  proportion  of  about  half  a  pour 
of  oil  soap  to  a  large  pailful  of  water,  around  the  compression  sprii 
above  the  valve.  This  will  last  for  a  long  time,  and  prevent  anv  furtln 
sticking. 
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The  valve  should  he  removed  ahout  onee  a  week  for  the  purpose 
thorouRlily  eleaiiiiiK  and  polishinR  the  bevelled  edges  of  the  niushroi 
and  valve  seat.  If  it  is  deemed  necessary,  the  valve  ean  he  remo 
more  often,  since  this  operation  entails  very  little  work,  and  requires  o 
a  few  minutes. 


Plate  VI. 


Detail:  showinc  iunition  timer,  maini''t"  and  spark  pluK,  ami  canif 
op4'nitin/  admission  and  exhaust  valves. 


for 


Exhaust  Valve. 


The  exhaust  valve  is  situated  directly  underneath  the  admis 
valve,  and  consists  of  a  mushroom  valve  bevelled  on  its  underside,  ai 
spindle  which  extends  some  distance  beyond  the  bed-plate  of  this  par 
the  engine,  on  which  is  placed  a  strong  compression  spring,  which  se 
the  purpose  of  holding  it  firmly  in  place,  and  also  of  closing  it. 
opening  of  the  valve  is  accomplished  by  a  cam  on  the  lay  shaft — \vh\> 


:,  •.T:-*r:^.vr"'r 


purpose  ol 
niiislirooin. 
)('  rcinovi  I 
•quires  only 


11. 


23 

driven  at  half  the  speed  of  the  erank  shaft- anil  a  roekiuK  he 
turns  upon  an  axis  situated  at  at)out  its  eentre.  One  end  of 
inR  heam  rests  against  the  cam,  and  is  held  firnilv  against  it 
of  the  spring  ahove  referred  to,  and  illustrated  m  Plate  VI.  '1 
imparted  to  the  roeker  by  the  eani,  eompresses  the  spring,  i 
the  valve.     The  valve  is  closed  in  the  manner  described  above. 

To  clean  the  exhaust  valve,  and  regrind  the  bevels  of  the 
valve  seat  it  is  necessary  to  remove  the  admission  valve 
sprmg  from  the  lower  end  of  the  spindle  of  the  exhaust  valve- 
the  withdrawal  of  this  valve  and  stem. 

For   regrinding    both   the   exhaust    and    admission    valve- 
amount  of  fine  emery  and  oil  is  distributed    on    the   bevels   of 
seats.     The  spindle    and    valves    are    then    put    in    place,    witl 
springs,  and  rotated  by  hand  until  a  smooth  bright  surface  is  o 
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IGNITION    TIMING    DEVICE. 

The  spark  for  igniting  the  gaseous  mixture  in  the  cvlinder  is  gen- 
erated by  a  magneto  machine,  D,  see  Plate  IX.  This  machine  is  mechani- 
cally operated  by  an  eccentric  fixed  upon  the  lav  shaft,  and  connected 
with  the  armature  in  such  a  manner  that  th<'  latter  is  slowly  moved 
through  a  definite  cycle,  and  then,  the  levers  slii)ping  out  of  contact,  the 
original  position  is  quickly  regained  under  the  influence  of  two  strong 
springs.  The  rapid  motion  of  the  armature  through  the  field  of  the 
horseshoe  magnets,  momentarily  creates  a  current  which  passes  through 
the  contacts  arranged  inside  the  cylinder;  and  by  a  mechanical  movement 
the  latter  are  then  sejjarated  suddenly,  causing  the  circuit  to  "break," 
and,  in  doing  so,  to  produce  a  spark.  Plate  VI  shows  the  arrangement  of 
all  the  fittings. for  the  magneto  electric  ignition  appliance,  which  is 
employed  on  the  Korting  engine.  D,  is  the  magneto  machine,  con- 
structed of  horseshoe  magnets,  between  the  iron  i)ole  pieces  of  which 
the  armature  pivoted  at  H  oscillates.  The  slow  motion  is  imparted 
to  the  armature  by  means  of  the  tooth  M  engaging  on  thi'  knife  edge  of 
the  cross  I.  Tl.is  motion  is  given  to  the  tooth  bv  the  rotation  of"  the 
eccentric  L.  After  the  knife  edge  is  released  from  the  tooth  M,  the  two 
springs  K-K  rapidly  bring  the  armature  to  its  original  position.  The  rod 
F,  pivoted  to  the  upper  projection  of  cross  I,  makes  and  breaks  the  con- 
nexion of  the  s])ark  plug  at  E. 

The  time  of  ignition  can  be  retarded  or  advanced,  i.e.,  made  to  occur 
later  or  earlier  in  the  stroke,  by  raising  or  lowering  the  tooth  M.  This  is 
accomplished  by  turning  the  graduated  dial  (C).  In  starting  the  engine, 
the  igniter  is  so  timed  that  the  spark  occurs  just  before  the  inner  dead 
eentre;  this  corresponds  to  about  four  points  on  the  dial.  After  the 
engine  has  acquired  the  normal  spee;l,  the  spark  is  adv.mced  about  fen 
iroints,  i.e.,  to  fourteen  points  on  the  dial  (C);  or  al)out  8  per  cent  of  the 
stroke  before  the  inner  dead  centre. 

It  will  be  readily  understood  that  the  flame  does  not  pass  completely 
through  the  gases  instantaneously  at  the  time  of  ignition,  consecpiently, 
an  appreciable  length  of  time  elapses  between  the  instant  when  the  spark 
jumps  across  the  terminals  and  the  time  when  the  gases  have  reached 
their  maximum  pressure.  If  the  ignition  occurred  at  the  inner  dead  centre, 
the  maximum  pressure  wouhl  not  be  develoi)ed  until  after  the  piston  had 
covered  an  appreciable  part  of  its  stroke,  consequentlv,  the  gases  would 
not  have  a  sufficient  length  of  time  to  give  up  their  e'nergv  to  the  piston 
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before  flic  (ipcniiiK  of  the  exhaust  valvo  occurred.  By  advauciiig  the  spai 
the  inaxiinuni  ])ressure  may  !»'  made  to  occur  just  after  the  inner  de 
centre  is  ])asse(l,  whicli  (jives  the  maximum  efficiency  to  tlie  engine.  1 
still  further  advancing  it.  the  maximum  pressure  could  he  made 
occur  before  the  inner  dead  centre  is  reached;  but  in  this  case  work  is  p( 
formed  against  the  piston  before  tlu  comi)ression  is  comi)lete(l:  whi 
tends  to  rotate  the  engine  in  the  opposite  direction,  and  would  actual 
do  so  were  the  spark  advanc.'d  sufficiently;  in  this  ca.se,  therefore,  t 
pc  .\er  oi  ihe  enKiiie  is  reduced.  Ry  so  timing  the  ignition  that  t 
maxinmm  pressure  developed  within  the  cylinder  shall  occur  just  aft 
the  inner  (lead  centre  is  passed,  the  diffenmt  engine  details  are  reliev 
of  undue  strain  and  its  mechanical  efficiency  is  increased. 


COMPRESSED    \\H    VALVE    FOH    ST.VUTlNfi    EMilNE. 

This  valve  is  shown  at  D  Plate  IV.  E  is  a  pipe  which  conducts  t 
compressed  air  to  valve  D.  To  start  the  engine,  turn  the  fly  wheel  in 
forward  direction  until  the  crank  is  just  off  its  back  dead  centre  ai 
both  admission  and  exhaust  valves  are  closed.  The  valve  D  is  m 
pressed  in,  allowing  a  full  pressure  of  air  to  enter  the  cylinder.  Tl 
valve  must  be  closed  beto'-e  the  piston  begins  the  backward  strol 
(lonerally  the  engine  can  be  started  upon  one  application  of  the  air  vah 

The  (lovcrnor. 

An  illustration  of  the  governor  is  shown  on  Plate  IV,  marked  F. 

Quantity  governing  is  used  on  the  Ki">rting  engine  installed  at  t 
Fuel  Testing  plant.  With  this  method,  the  quantity  and  not  the  quali 
of  the  mixture  is  regulated.  The  regulation  is  i)erformed  by  the  openi: 
and  closing  of  a  butterfly  valve  ])laced  between  the  mixing  and  inl 
valves.  A  heavy  centrifugal  governor,  rotating  at  a  high  speed,  actuati 
by  the  variation  in  the  revolutions  of  the  engine,  the  butterfly  vah 
through  a  system  of  multiplying  levers.  Thus,  when  the  revolutions  dn 
below  normal,  the  governor  drops  and  the  valve  is  opened  witler,  th 
admitting  a  larger  (juantity  of  gas  to  the  cylinder.  This  method 
governing  is  very  sersitive,  and  controls  the  speed  of  the  engine  with 
1  per  cent — when  the  fluctuations  in  the  load  are  not  too  great. 


Conlini)  Water. 


The  amount  of  water  deemed  necessary  to  pass  through  the  cylind 
jacket  in  order  to  properly  cool  those  parts  of  the  engine  subject  to  hi| 
temperatures,  must  be  determined  for  different  types  and  sizes  of  engini 
Several  authorities  maintaii  that  an  exccs.sive  supply  of  cooling  wat 
diminishes  the  efficiency  of  small  engines;  a  higher  efficiency  being  obtain^ 
with  a  moderate  supply. 

The  same  authorities  maintain  that,  for  large  engines,  an  abunda 
circula'ion  has  no  influence  on  the  efficiency  of  the  engine:  but  that  this 
absolutely  necessary  in  order  to  prevent  premature  tiring  which,  witho 
exception,  would  otherwise  occur. 
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It  liii.s  l)ciTi  fouixl  thiit  the  (ipcratioii  of  the  00  H.H.P,  K<.rtii»g 
cnKinc— installed  at  tlic  Fuel  TcstiiiK  Plant —is  most  satisfactory  when 
tlu"  outlet  temperature  of  the  evlinder  coolinR  water  is  kept  at  aliout  oO" 
(".,orl22°F. 


Utilization  of  the  Hkat  of  the  Exiiaist  Cases. 
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It  was  previously  mentioned  that  only  ;50  per  cent  of  the  healing 
value  of  the  gas  di'iivered  to  the  enKiiu  was  converted  into  useful  work  in 
the  cylinder;  the  oiher  70  per  cent  passing  off  in  the  exhaust  gases  and 
cylinder  ja<'ket  cooling  water.  This  latter  amoiint  of  heat  is  approximatelv 
equal  to  (5,000  H.  T.  units,  or  half  a  pound  of  coal  containing  12,000  I?. 
T.  units  per  pour.d,  per  H.  H.  P.  hour.  This  heat  loss  is  so  considerahle 
that,  many  attempts  have  been  made  by  experimenters  to  recover  at  least 
a  part  of  i*  by  utilizing  the  heat  of  the  exhaust  gases  and  cylinder  cooling 
water  for  power  or  other  purposes.  IT  this  heat  could  b(  'even  i)artiallv 
converted  into  useful  work,  th.  efficiency  of  the  gas  engine  would  be 
api)reciably  increased. 

The  possibility  of  utilizing  the  heat  of  the  exhaust  gas  for  steam 
raising  in  specially  designed  steam  generators  has  been  investigated,  and 
results  have  been  attained  which  (lemonstrate  that  such  a  utilization  of 
the  heat  of  the  exhaust  ga.ses  is  practically  feasible. 

In  connexion  with  large  gas  engine  installations,  low  pressure  steam 
has  been  generated  in  this  manner  and  utilized  in  low  i)ressure  steam  tur- 
bines. The  steam  thu.  generated,  or  t'  water  heated,  miglit  also  be 
utilized  for  heating  buildings  or  for  drying  ■  urposes,  etc. 

If  we  assume,  for  example,  tnat  3, 000  to  o.GOO  H.  T.  U.  per  hour  i)er  H. 
H.P.  developed  by  an  engine  is  available,  and  can  be  utilized  in  the 
I)roduction  of  steam,  an  output  not  exceeding  2-2  lbs.  of  steam  per  ho.ir, 
at  a  pressure  of  70  to  80  lbs.  per  sciuare  inch  per  H.  II.  P.  developed,  couhl 
probably  be  obtained.  Hut,  in  order  to  recover  this  waste  heat,  the  engine 
must  work  at  least  at  about  two-thirds  of  its  maximum  power:  if  not, 
the  exhaust  gas  is  expanded  down  so  much  by  the  modern  methods  of 
governing  that  it  is  not  hot  enough  to  give  up  any  appreciable  quantity 
of  heat  for  recovery  in  this  manner,' 

Hy  way  of  illustration,  we  will  consider  the  case  of  a  100  B,  H.  P.  gas 
( ngine  working  at  full  load.  The  amount  of  heat  available  i)er  hour  will 
be  api)roximately  8,")0,000  H.  T.  units;  and  since  3,.")00  H.  T.  units  will 
generate  2  2  lbs.  of  steam  at  a  pressure  of  70  to  8.5  lbs.  per  s(|uare  inch, 
the  total  amount  of  steam  generated  from  the  utilization  of  the  HoO.OOO 
H.  T.  units  will  be  220  lbs.  If  this  were  utilized  in  a  non-condensing 
steam  engine,  the  power  (le\elop(>d  would  be  about  ti  H.  P.,  or  ti  jjer  cent 
of  tiie  power  of  the  gas  engine.  This  is  not  inco-'  ulerable,  and  will 
become  a  very  appreciable  factor  in  large  gas  engine  installations. 


Tdn.^trurtiim  anil  workinc  nf  intcrniil  iimhustion  engines,  U.  K.  Mathot,  p:i»!i's  198-199. 
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And  since  the  information  contained  in  these  test^  niav 

to  sas  engine  operators,    or  to  those   intending  to  ins'ta 

r)iant  a  copy  of  thes(>  Weiitiiighousc  tests  has  been  incorporated  in  this  report, 

as  follows: — 
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While  in  factories  re(|tiiriiiK  only  comparatively  small  powo 
the  p<)ssihilily  of  heating  the  ImiMings  iji  the  manner  referred  i 
prove  inii)ossil)le;  for  those  using   large   amounts  of   power    the    | 


I'lii    lU.-  No.  s  Wiiliaiii-   Tran.svi.r.sc  Cuinnl   WmIit   Heater,  fonnected    id  Wesiiii)! 
Machine  i\,:>  -^m  11.1".  l-JDjirie. 


may  l)e  solvcij  satisfactorily,  hy  means  of  the  gas  engine  power  sy 
es|)ecially  in  those  instances  where  a  steady  load  is  carried  contini 
during  tlie  entire  dav. 


:<-) 


nil  power  i)l;»iits 
I'fcrrcd  to  iniiy 
•r    the    prohlcin 


to  Wi'slinKliuUiiu 


)o\vi'r  system: 
eontiuuoiisly 


Kgril'MKNT   OF   (IAS   AN.\1,VTI(  AF,    I.AM(  •HAToKV. 
The  (•(|iiipm..|it  of   the   ehcinical    lalioratory  -in    add 


iiHifH.'s.  furnaces,  and  various  other  pieces  of  apparatus,  whi.n  „,• 
l"j!ZT;i'.'.''!;''';.7r''''''"^'' "''''*'•'!'■  •CkI.  Whe..ler,   and   a    Uandali   an.l 


ition    to    ovens 
tpparatus,  which  need  not 

,,       ,      .  ,     . ..-'eler,    an( 

liarnliart  Kas  analysis  apparatus;  a  Junker's  .and  a  Movs'  ealorimet..r  with 
m..t,.rs.  pressure  reKuiators,  etc.,  for  d,.ter.nininK  the'  cah.rific  vah'.e  of 
gases;  and  a  Tritz  Iv>hler  honii.  caiorim.'ter  -with  acns.„,ie.  t„r 
deternnninfr  he  ea Or.fK.  value  of  fuels.  F„r  d..terniinin«  the  ,,uantitv 
of  tar  earned  n.  the  Ras  alter  passing  through  th..    ..leaning    sv  ten.,    a 

Mrady  gas  hiter,   with  electric  h,.ating  s ve,  is  provi.led.      A  Sinwn.an.-e 

and  A hady  carbon  .lioxid..  r,.cord..r:  a  K.'iser  .•.n.l  .Schnii.lt,  and  a  St.ins- 
field  elec  ne  pyr.)m<.ters,  with  inilli-voltm.'t..rs,  an,l  ,i  Junk.T' 
set,  are  also  pro\ide(l. 


exhaust. T 


I'HTK  \ll 


Intfjior  of  C'lieinical  Liiliiiratniy. 

The  Junker's  calorimeter  was  use.l  during  the  s.'v.ral  t.'sts  ma.le  f..r 
'h't,.rmn..ng  the  calorific  value  of  the  gas.  This  apparatus  is  dearlv 
>h',wn  111  Plate  Mil,  .-et  up  on  the  sp.rial  l.,.nch  m.ade  for  th..  purp..s,-. 
lus  hcnch  IS  provided  \yith  a  ...ipper  ^nk  for  ..arrving  .ifT  th,.  overfL.w 
ri.nu-n  Pi  /'".',  ;'!"''<<'••  ■•^/•;'l'"-im..ter  s.-t  with  the  small  ..xhaust.'r  als., 
-h<mnonIlat."\Ilisplace.l  as  lu^ar  as  .•onv..nient  to  the  gas  main  l.'a.l- 
iiig  to  the  engine  Since  hifrh  ,..nd  varying  su..tions  are  ..n..ount..r...l  in 
a  suctDn  gas  pro.lucer  plant,  th.'  Junker's  .'xhauster  was  install.'.l  f.,r  th.. 
PiiriMise  ot  delivering  a  gas  of  ..onstaiit  pressiir.'  to  the  ..aloriineter. 

I  he  exhauster  consists  of  a  small   h[ 
h!t<.r,  and  a   ,'„  11.   P.  ;,lt( 


Dlower,    pn.ssur.'    regulat.)r.    gas 

I  Ti         '"iiV   "■  *"*''™"*''ifi   tiiiit.nl    niottir   set   up  on  a    .'ast  iron 

*".',.„.'  *'"'  ""•''■  '*  '•"""•■'■te.l  to  the  gas  main  lea.ling  to  the  ..ngine; 
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consequently,  all  the  gas  drawn  through  the  exhauster,  and  foreet 
pressure  to  the  ealorinieter,  is  cleaned  of  any  tarry  matter  vvhicli 
otherwise  clog  the  meters  and  ruhher  tubing  connecting  the  met 
the  gas  hurner.  A  waste  pipe  is  provided  for  carrying  off  the  surp 
This  apparatus  delivers  a  uniform  supply  of  gas  at  constant  f 
regardless  of  the  suction  in  the  gas  system",  which  varies  from  time  i 


APPARATUS    FOR    DETERMININfi    THE    AMOUNT    OK   TAR    IN    THE    OA 

Instead  of  drawing  the  gas  through  the  filter  provided  with  tl 
hauster,  the  gas  may  be  cleaned  of  any  tarry  matter  bv  passing  th 
a  specially  designed  filter  paper  and  holder  before  it  enters  the  exhsi 
By  this  means  the  gas  entering  the  exhauster    and    meter    is    not 


M 


nd  forppd  under 
cr  which  would 
the  mi'tcr  with 
the  surphis  gas. 
nstant  jjrcssurc 
Dm  time  to  time. 


thoroughly  freed  from  tarry  and  other  matter;  l)Ut  at  the  same  time  the 
amount  of  tar  earned  by  the  gas  and  deposited  on  the  filter  pajxT  caTi 
lie  weighed,  and  the  amount  of  tar  per  euliie  foot  determined,  when 
the  volume  of  gas  i)assing  through  the  filter  pupvr  is  accurately 
measured  with  a  meter.  The  Hrady  gas  filter  consisting  of  a  filter  paper 
cui)  and  hohh'r  was  used  for  this  purpose  during  some  of  the  tests.'  The 
electric  heating  sleeve  furnishes  the  re(iuisite  heat  to  drive  otT  the  moist- 
ure which  would  otherwise  saturate  the  filter  paper  cup,  and  interrupt 
the  free  passage  of  gas  to  the  calorimeter. 

For  determining  the  tar  in  the  g  '  -fore  entering  the  cleaning 
system,  or  just  as  it  leaves  the  producer,  a  s,)ecial  gas  filter—in  which  or- 
dmary  filter  paper  can  he  inserted— is  used.  This  g.is  filter,  shown  in 
Plate  IX,  is  manufactured  hy  the  We.stinghouse  Machine  Co.,  Pittsburgh. 
Pa.,  and  was  first  seen  in  use  at  their  experimental  laboratorv. 

The  volume  of  gas  passed  through  this  gas  filter  is  measured  by 
means  of  a  gas  holder. 


PYROXIETUU     .MF..\SlIiKXIEXTS. 

The  temperature  of  tlie  producer-gas  was  determined  during  four 
of  the  tests  with  the  Stansfield  electric  |iyrometer.  For  this  purjiose. 
the  pyrometer  was  insei.,(l  through  a  hole  drilled  in  the  cap  covering  tlie 
gas  ofT-take,  and  the  wires  connecting  the  terminals  of  the  pvnmieter  were 
led  into  the  engine  room  an(l  connected  to  the  milli-voltmeter,  which  was 
placed  near  the  switchboard,  so  that  the  readings  of  the  switchboard 
instruments  and  the  milli-voltmeter  could  be  made,  convenientlv,  at  the 
.same  time. 


£ 

•c 


SAMPLING    OF   (i.\S    FOR    AN  \LYSI.S. 

Samples  of  gas  were  taken  for  analysis  every  hour  throughout  the 
tests,  except  in  two  tests  when  it  was  not  necessary  to  sample  so  often. 
The  gas  samples  were  taken  between  the  tar  filter  and  drv  scrubber,  just 
before  the  gas  entered  the  dry  scrubber:  and  since  the  samples  taken  at 
this  point  did  not  show  the  final  ecmdition  of  the  gas,  after  passing 
through  the  dry  .scrubber— as  far  as  moisture  is  concerned— no  determi- 
nations of  moisture  were  made. 

The  gas  drawn  off  from  the  upper  zone  of  the  producer  was  sam|)le(l 
from  time  to  time,  but  not  regularly,  during  a  test.  Sami)les  were  also 
taken  at  other  points  of  the  system. 

In  all  cases  the  gas  was  collected  over  a  mixtur;-  of  glycerine  and 
watfr,  with  two  aspirator  bottU-s,  and  since  the  samples,  "as  soon  as 
collected,  were  immediately  taken  to  the  laboratory  for  analvsis,  no 
apiireciable  absorption  of  any  of  the  components  of  the  gas  bv  tlie  water 
would  occur  during  thi-^  sliort  time.  The  calorific  value  of  the  gas  was 
calculated  from  its  ana, ysis:  the  results  in  all  cases  being  ixpressed  in 
M.  T.  units  per  cubic  foot  of  gas  measured  moist  at  1)0°  F.,  and  at  30"  of 
mercury  pressure. 


THE    OA-S. 


with   the  ex 
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1  SAMPLlNc;    OF   peat;    ANALVhlH,    AND    I)ETER.\IIX.\TION    OF    MOISTURE. 

I  In  order  to  obtain   a   general   samjile    of   peat— w  iiidi    would    be,    as 

I        nearly  as  possible,  representative  of  its  condition    when    fired— a    sample 

Was  taken  from  every  50  lbs.  charged  into  the  producer.     These  samples 

were  collected  during  the  trial  in  a  large  can,  provided  with  a  tight  fitting 
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Apparatus  for  (iL'terinininK  tar  in  pnitiuccr-pas. 
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Plate  IX. 


(•over.  At  the  en-;  of  the  trial  tlu  peat  containul  in  this  can  was  piilvi  r- 
iml,  and  an  average  sample  taken  for  analysis,  ami  determination  of 
moisture. 


(;as  PHonrcKH  tests. 

Previous  to  the  ereetion  of  the  Fuel  Testing  Station  at  Ottawa 
and  the  installation  of  the  present  ec.uipment,  the  Mines  Uraneh  under- 
took the  manufacture  of  peat  ut  the  Vietoria  Hoad  |)eat  hog  near  l.in.i- 
say,  Ont.  The  peat  manufactured  at  this  hog,  .-imounting  to  some  70 
tons,  wa.s  stored  under  cover  in  a  shed  on  the  hog  for  more  than  a  year  - 
awaiting  the  com|)leti()n  of  the  plant  at  Ottawa.  After  the  installa'tiiin  of 
the  machinery  in  the  fuel  testing  plant,  this  peat  was  shipped  to  Ottawa 
and  was  used  for  making  several  tests  for  fuel  consumption. 

Owing  to  long  storage  under  cover,  tlie  peat  lost  most  of  its  mois- 
ture, hence  was  in  too  dry  a  condition  when  received  at  Ottawa,  to  work 
well  in  the  Ki)rting  producer— which  is  not  provided  with  an  evaporator 
for  steam  raising.  Some  method  of  introducing  moisture  into  the  producer 
is  necessary  when  operating  on  dry  fuels.  Moreover,  the  peat  was 
taken  from  a  shallow  part  of  the  hog,  underlain  hy  sand,  conse(|Uently, 
the  percentage  of  ash  -consisting  mainly  of  siliceous  matter— was  very 
high ;  averaging  ahout  10  per  cent.  Tiiese  negative  conditions,  together 
with  the  excessively  high  internal  temperature  due  to  the  drvness  of 
the  fuel,  caused  some  trouble,  from  the  formation  of  clinkers,  which  could 
not  be  easily  broken  up.  This  trouble  could  have  been  avoi(h'd  had 
there  been  some  provision  for  the  introduction  of  steam— as  stated  above. 

The  Kilrting  peat  gas  producer  is  (h'signed  to  operate  with  i)eat  con- 
taining from  25  to  30  per  cent  moisture;  and  since,  when  workirg  under 
these  conditions,  no  further  moisture  in  the  form  of  steam  is  reipiired,  it 
was  not  provided  with  the  vaporizer  generally  found  in  other  producers, 
However,  during  the  tests  made  with  this  ])eat  an  attemi)t  to  introduce 
rnoisture  was  made  by  the  erecting  engineer  representing  the  Kr.rting 
firm:  by  injecting  water  inside  the  two  doors  u.sed  for  poking  and  ch  aning 
the  fires  of  the  lower  zone.  But  this  did  not  prove  entirelv  satisfactory, 
consequently  it  was  discontinued  after  a  few  runs. 

Notwithstanding  the  unsuitabiiity  of  this  i)eat  as  regards  moi.sture  ai-d 
ash,  the  tests  demonstrated  that,  even  under  these  unfavourable  con- 
ditions,  the  plant  could  be  successfully  worked  on  a  coniniercial  basis. 

The  peat,  on  account  of  its  dry  condition,  was  badlv  shattered  by 
the  several  handlings  it  received  before  being  stacked  in  the  shed  at 
Ottawa;  consequently,  it  was  sufficiently  broken  u])  to  be  fed  into  the  pro- 
ducer without  further  crushing. 

Three  tests  were  made  with  this  peat,  under  varying  conditions,  to 
determine  the  fuel  consumption  per  brake  horse-power  liour;  but  ina<much 
as  the  general  testing  equipment,  chemical  laboratory,  etc.,  had  not 
been^  installed,   at  the  time,  the  gas  was  neither  analysed  nor  metered. 

The  load  carried  on  the  engine  was  determini>d  by  taking  readings  of 
the  voltmeter  and  amperemeter  at  intervals  of  fifteen  minutes.  For  the 
purpose  of  calculating  the  load  or  brake  hor.se-power  tleveloped  at  the 
engine,  the  efficiency  curve  of  the  electric  generator — as  determined  by 
tests  carried  out  by  the  makers— was  used.  At  full  load,  or  ,")()  K.w!, 
the  efficiency  of  the  electric  generator  is  88  per  cent;  at  (iO  B.  H.  P.  =  45 
K.  W.,  at  90  per  cent  full  load,  the  generator  efficiencv  is  pnicticallv  the 
same  as  at  full  load,  viz.,  88  per  cent.     This  factor  was  u.sed  in  conver- 
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ting  the  eloctrical  horse-power— as  calrulated  from  the  switchboard 
ments — into  l)rake  iior.se-power,  at  the  ( iiginc. 

The  weiRht,  of  the  fuel  charged  into  the  producer  during  thi 
made  with  this  peat  was  not  determined  hourly,  as  was  done  wi 
tests  made  with  the  peat  manufactured  at  the  Alfred  wat  1)ok-  1 
amounts  of  fuel  required  to  fill  the  producer  hoppers  whenever  cl 
was  deemed  necessary  (which  chargings  occurred  at  irregular  int 
were  totalled  at  the  end  of  the  tests. 

With  a  vi<>w  to  enabling  the  readers  of  the  report  to  judge  for 
selves  the  character  of  the  load  carried  during  th.-sc  tests,  a  full   t 
given  (pages  42,  44.  and  46)  of  all  the  switchboard  readings  as  well 
calculated  watts,  and  electric  and  brake  liorse-jiowers. 

DURATION    OK   TEST.S. 

On  account  of  the  construction  of  the  K.'.rting  peat  gas  pro. 

described  earlier  in  this  report,  the  duration  of  a  test  need  not  nece> 

be  longer  than  seven  hours— the  length  of  time  prescribed  by  the  m 

I  his  will  be  readily  understood  when  it  is  stated   that,   the   fires  o 

upijer  and  lower  zones  rest  on  grate  bars,  and,  therefore,  can  be   r, 

cleaned  of  ashe.s.     Further,  since  that  portion  of  the  producer  belo' 

upper  grate  level  IS  filled,  or  should,  always  be  filled  with  coked  peat 

possible  to  bring  the  producer— after  a  seven  hours'   run— to  nearl 

same  state,    as  regards  condition  and  weight  of  fuel,  as  it  was  in  a 

beginning  of  the  run  or  trial.     Hence,  for  the  determination   of  fuel 

sumption  per  B.  H.  P.  hour,  seven  hours  is  probably  a  sufficient  leng 

time  in  which  to  arrive  at  an  approximatelv  correct  result;  providin 

producer  IS  run  for  two  or  three  hours  before  the  beginning  of   the 

under    the    same   conditions    as   during    the    test.     The  majority  o 

tests,  however,  were  run  for  at  least  ten  hours. 

Tests  Made  with  the  Peat  Manufactured  at  the  Victori 
Road  Peat  Bo(5,  near  Lindsay,  Ont. 

Test  No.  1,  February  24,  1910. 

As  previously  stated,  the  dry  condition,  and  large  amount  of  fu 
ash  in  the  peat,  coupled  with  the  high  working  temperature  which  c 
not  be  controlled  caused  the  formation  of  clinkers,  and  interfered 
some  extent  with  the  regular  operation  of  the  producer.  The  tro 
most  noticeable  was,  the  irregular  feeding  of  the  fuel  into  the  lower  z 
Ihiswascaustdby  clinkers  adhering  to  the  walls  above  the  doors 
vided  for  poking    arid  resulted  in  scaffolding.     The  large  hollow  sp 

he'irasTH  t'.?„  f  '  'T""  T''  "'''"'"'  irregularity  in  the  compositio 
the  gas,  and  the  formation  of  some  tar.  The  tar  was  due  to  the  fee. 
into  the  lower  zone  of  uncoked  peat;  for,  when  the  clinkers  broke  awa 
on  account  of  the  weight  of  fuel  resting  on  them,  or  when  broken  awaA 
poking— large  quantities  of  green  or  partially  coked  peat  dropped  into' 
zone  from  the  upper  portions  of  the  producer,  instead  of  passing  slo 
and    regularly    down    through    the    upper    zone.     The    tar\.arried  c 

IhT.rth  '  'i  ''•""*^  T**^"?"',  •'^"'y  «'*^''  trouble  at  the  admission  va 
whicJi  showed  signs  of  sticking  .several  times  during  the  trial  1 
trouble  was,  however,  easily  overcome  by  dropping  a  little  gasol 
around  the  sp.ndic  o  the  valve.  The  irregulariti  ia  the  composftS 
the  gas  was  easily  taken  care  of  by  the  air  and  gas  regulating  valve    i 
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at  no  time  during  the  trial  was  this  irregularity  serious  enough  to  necessi- 
tate a  reduction  of  the  load  carried  on  the  engine:  as  can  plainly  be 
seen  by  consulting  the  accompanying  table  of  results.  In  this  tal)le 
are  recorded  the  observations  tak«'n  at  fifteen  minute  intervals:  the 
watts,  the  horse-power  at  switchboard,  the  brake  horse-power  developed 
at  the  engine,  anil  the  average  brake  horse-power  developed  during  the 
trial;  so  that  the  variations  occurring  in  the  load  during  these  intervals 
can  easily  be  seen.  In  addition  to  the  above  recorded  results,  the  time 
of  poking  anil  charging  producer  are  included  in  the  table. 

It  will  be  seen  by  referring  to  Table  V  that  the  fuel  charged  into  the 
producer  at  11.45  a.m.,  and  3.38  and  4.40  p.m.,  is  of  a  larger  amount  than 
that  charged  at  any  other  time.  This  was  due,  as  explained  previously, 
to  the  formation  of  clinkers,  which  kept  the  fuel  from  feeding  regularly 
into  the  lower  zone;  so  that  when  the  obstructions  to  the  free  passage 
of  the  fuel  broke  away,  a  sudden  drop  occurred,  which  at  times — as 
at  4.40  p.m. — almost  completely  emptied  the  charging  hoppers.  The 
fires  were  cleaned  at  10.30  a.m.,  3.3.5  and  (J.OO  p.m. 


ANALVtSIS    OK    PEAT. 

The  following  is  the  analysis  of  the  peat  used  during  these  trials: — 

Volatile  matter (ii)o 

Fixed  carbon 25  •  2 

Ash 5-3 

( "alorific  value  of  dry  fuel 8650  B.  T.  U.  per  lb. 

The  high  amount  of  ash  (10  per  cent)  mentioned  above,  was  due  to 
a  large  amount  of  free  sand  contained  in  the  peat  manufactured  and  used 
during  the  trials.  The  above  analysis  was  made  from  a  general  sample 
of  the  peat  contained  in  the  entire  bog  which  was  oi)tained  before 
manufacturing  began. 

The  following  is  a  summary  of  the  results  of  the  test: — 

Fires  cleaned  and  hoppers  filled  at 10.30  a.m. 

Test  .sta    -d 10.30  a.m. 

Test  termmated 0 .  00  p.m. 

Duration  of  test 7  hrs.,  30  mins. 

Average  volts 124 

"       amperes 311 

"       watts  delivered  at  switchboard 38700 

"       H.  P.  at  switchboard 51  •«» 

B.  H.  P.  developed  at  engine 58-9 

Moisture  content  of  fuel 13% 

Ash  content  of  dry  fuel 10% 

Calorific  value  of  dry  fuel 8(550  B.  T.  U.  per  lb 

Total  fuel  as  fired 904  lbs 

calculated  dry 786    " 

Fuel  consumption  per  hour  as  fired 120-5  lbs. 

"       hour  calculated,  drv 104-9 

"                    "       B.H.P.  hour  as  fired 2  04  lbs 

"       B.H.P.  hour  as  calculated,  dry  1-78    " 

Speed  of  gas  engine 200  R.  P.  M. 
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Table  V. 
Teal  No.  1,  February  i4. 


a.m. 
10.30 

10  45 

11  00 
11  IS 
11  30 

11  4S 
m. 

12  00 
D.m. 

12.15 
12  30 
12  45 
1.00 
1  15 
1  30 

1  45 

2  00 
2  15 
2.30 

2  45 

3  00 
3  15 
3  30 


310 
322 
320 
315 
312 
312 

310 

310 

310 

307 

307 

318 

315 

328 

325 

320 

317 

307 

315 

308     ! 

310 


3  45 

300 

1   118 

4  00 

305 

122 

4  15 

302 

124 

4  30 

305 

125 

4  45 

305 

125 

500 

305 

125 

5  15 

305 

125 

5  30 

311 

126 

5  45 

305 

126 

600 

305 

125 

H.Kof  B.H.P.  B  H.P.  Timrof 
,'"',"■  ,.  "<}  Hourly  ChBn;- 
hoaril.     Lngini'.  AvcraRe      iiyj. 


Furl,        Time   I 

II".     '      of 
ChgtI.     Poking  I 


Av 
Total. 


38440 

51  5 

402.50 

53-9 

40000 

53-6 

39380 

52-8 

38690 

519 

38690 

51  9 

38130 

51  1 

38130 

5M 

3844U 

51-5 

38070 

510 

38380 

514 

39750 

53-3 

39060 

52-3 

41000 

54-9 

40630 

54. 4 

39680 

53-2 

39630 

531 

38380 

51  4 

3»690 

532 

38500 

51. 6 

38750 

51-9 

35400 

47.4 

37210 

49. 9 

37450 

502 

38130 

51. 1 

38130  1 

51. 1 

38130 

51. 1 

38130 

51. 1 

30180  1 

62. 5 

38130  i 

51. 1 

38130  ; 

51. 1 

58-5 
01  3 
609 
60  0 
58-9 
58-9 

58. 1 
I 

58' 1 
58  5 
580 
584 
60  5 
59.5 
624 
619 
60. 4 
60. 3 
58.4 
604 
58. 6 

59. 0 

53. 8 
56  7 

57. 0 

58. 1 
58. 1 
58. 1 
58. 1 
59-7 
58.1 
68. 1     ' 


311-2  I  124  4   38698  '    51. 9    58. 9 


a.m. 
59  9    10.30  Filled 

10.30 

50.9   

1146    Its 

685   

( 

B 

d 

I 

p.m 

590    1.00  

66-9   

1 

2  20    iJ3 

i 

60  4 


3.38 


163 


p.m. 
3  36 


56  9 


68'4 


4  40 


175 


600 


600 


904 


HORSE-POWER  AT 
GUMPTION. 


I  Time      Coiuuiiip- 

:      p(        tion  o(  peat 

Poking    per  B.H.P. 


a.m. 
10.30 


p.m. 
3  36 


Average 

Consump- 

tioii  of 

Peat  per 

B.H.P.htmr 

durinjt  trial 

aH  hrtnl 

204  llw. 

Dry;  1-78 

Ibx. 


600 
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Test  No.  J,  February  28,  WO. 

DiirinR  this*  tcwt,  the  produciT  wa.'^  poked  i-vprv  two  hours— six  times 
in  all.  Considerable  water  was  admitted  through  the  lower  fire  doors 
by  two  pipes  eonneetod  to  the  water  main  and  the  two  sides  of  the  produc- 
er, just  above  the  fir«'  doors.  Most  of  this  water  found  its  way  into 
the  gas  chamber  just  below  the  grate  bars,  and  thoroughly  saturated 
the  ashes  which  accumulated  there.  It  was  believed  that  the  hot  ga.s<  s 
passing  through  this  gas  chamber  would  take  up  a  certain  Dmount  of 
moisture  which,  in  passing  through  the  hot  carbon  of  the  lower  zone, 
would  1h>.  decomposed,  as  already  explained  (see  pages  G  and  7)  and 
thus  cool  the  fuel  bed  sufficiently  to  prevent  the  formation  of  clinkers.  To 
a  certain  extent,  this  device  materially  improved  the  operation;  but  it  was 
found  that  moisture  could  not  be  effectively  introduced  in  this  manner. 

The  feeding  of  fuel  from  the  upper  into  the  lower  zone  was  more 
regular,  and  no  noticeable  air  spaces  occurred  in  the  lower  fuel  bed. 
Moreover,  the  tar  carried  past  the  cleaning  system  did  not  at  any  time 
prove  more  troublesome  than  in  the  previous  run.  The  fuel  consump- 
tion was,  however,  noticeably  higher. 

In  Table  VI  the  readings  of  the  switchboard  instruments,  and  the 
calculated  watts;  horse-power  at  switchboard,  and  brake  horse-power  at 
engine,  are  tabulated  for  every  fifteen  minutes  interval.  In  addition,  the 
hourly  average  brake  horse-power  developed  at  the  engine,  and  the 
average  volts,  amperes,  watts,  etc.,  are  also  tabulated. 

During  this  trial,  the  amounts  of  fuel  charged  into  the  producer 
hoppers,  and  the  times  of  charging  were  not  recorded;  only  the  total 
amount  of  fuel  charged  during  the  entire  run  was  determined. 

The  following  is  a  summary  of  the  results : — 

Fire  cleaned,  ashes  removed,  and  hoppers  filled 10  00  a  m 

Test  started 10. oo  a.m. 

I  est  termmated 10. 00  p.m 

Duration  of  test 12  hrs. 

Average  volts 126 

"       amperes 303 

"       watts  delivered  at  switchboard 38070 

"       H.  P.  at  switchboard 51  0 

"       B.  H.  P.  developed  at  engine 580 

Moisture  content  of  fuel 13% 

Ash  content  of  dry  fuel . .                     10% 

Calorific  value  of  dry  fuel 8650B.T.U.perlb. 

Total  fuel  as  fired 1704  lbs. 

"         fired  dry 1482   " 

Fuel  consumption  per  hour  a.s  fired 142    " 

"                  "             "    calculated  dry 123    " 

B.H.P.  hour  as  fired 2-45  lbs. 

"                  "                "           calculated  dry 2- 12   " 

hpeed  of  gas  engine 200  R.P.M. 
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Tahi.k  VI. 

Text  \o.  J,  Ftbruanj  JS,  HUD. 

SWITCHHOAHI)  UHSKHVATIDNH  AM)  CAUTLATKI)  W  \TTS   \Ni,  |||< 

HollSK-l'oWKK. 


Tirih 


A II I  port '.^. 


V.lllB 


Wiiti- 


V.    H    V 

ut  Mwiich. 
iHiurd. 


Avcraac 


:«)2-8 


IM 

12(1 

I2« 

127 

127 

127 

127 

12« 

127 

12.1 

127 

12H 

12« 

125 

125 

127 

12,5 

125 

125 

125 

121) 

127 

I2« 

120 

12(1 

127 

125 

127 

12 

1? 

I 


l^i 
125 
126 
125 

125 
125 
127 
126 
126 
125 
127 
126 
127 
127 

125  8 


.17510 
.WMO 
:W4:)U 
.'ilMUU 
4(I<)1U 
:W740 
:W740 
:IH740 

:)7hO() 
:i7S50 
.■t7:w() 

.171170 
.■t7.5,'iO 
:t7s()0 

.'WIHO 
.■Wl.H) 

:isii)o 

»81.'I0 
.'Wl.tO 
37.50(1 
.177,50 

:i7soo 

:W740 

:W4.«i 
:«.VH) 
:t7!i.«i 
•wioo 

:17,500 
,'i7N,50 
.17500 

37X80 

;)750(J 
37500 
••57500 
.17500 
37S00 
379.'W 
37500 
37500 
37250 
37,500 
.■W740 
37!).ti) 

37y:iii 

.Wl.to 
38740 
38430 
.3U120 
38990 

:t8073 


.50  3 
51  I 
51  S 
5.3-2 
MO 
51  » 
51  8 
51  U 
50  7 
.50-7 
.50  1 
,50  9 
,50  3 

50  7 

51  I 
51  I 
51  1 
51  1 
51   1 

50  3 
.50  H 
.50  7 

51  9 
51  5 
51  7 
508 
51  1 
50  3 
,50  7 
,V)  3 
50-8 
50  3 
.V)  3 
50-3 
.50  3 
50-3 
.50  8 

50  3 
.V)  3 
49  9 
.50  3 
519 
60-8 
.50-8 

51  1 
51  9 
51-5 
52-4 
52-3 

510 


H  H  I- 

III 
cnKini'. 


57  1 

58  I 

.58-5 
00  4 
(10  9 
.59  0 
.59  0 
.59  0 
.57  ■« 
.57  (t 
,V1  9 
.57  8 
.57  2 
.57  « 
.58  1 
.58  1 
.58  0 
.58- 1 
.58- 1 
.57  I 
.57-5 
57() 
,59  0 
,58-5 
,58- 7 
,57-8 
,58  0 
,57  1 
,57  fl 
,57  1 
.57  7 
,57  I 
,57  1 
,57  1 
57  1 
,57  1 
57  8 
,57- 1 
,57  1 
,50  7 
,57  1 
,59  0 
.57- 9 
.57-9 
.58- 1 
.59  0 
58-5 
59  0 
.59  4 


5S  0 
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Tml  \„.  .i,  Miirch   >,  I!) in. 


AM)  MUAKi: 


f-  nil  p. 

iliiurly 
'*■  Avenujf. 


K  Z 


5U  I 


S7  4 


57  8 


DurinK  llii)*  triul,  the  phhIucit  wuh  only  pokitl  and  i'l< 
iMgiiininK  <»i*l  *'i)*l-  VValcr  wan  iiitrodiicid  in  thf  same  in 
thi'  prccfdinK  triul.  'I'hc  prodiKtT  was  charKcd  wlirnivcr  tl 
|M'd  to  a  certain  level  in  the  hoppers;  and  since  the  times 
hapiM'iied  to  fall  at   irreKnlar  intervals,   the  hourly   at 


cause  no  further  interference  in  tiie  uniform  feeilinR  of  the  peat  coke  fn 
the  upper  to  the  lower  zone. 

No  trouble  was  caused  liy  tar  at  the  eni{ine, 
was  very  satisfactory. 


ini 


and  the  trial.  ncner.iJIy, 


HIMMAKY    OK    HEHILTS. 


57-8 


S8-3 


578 


.57  83 


.57  24 


.■)7  IB 


Fires  cleaned,  ashes  removed,  and  liop()ers  filled. 

Ti'st  started 

"     terminated 

Duration  of  test 

.Vverage  volts 

"        amperes 

"        watts  delivered  at  switclilioard 


B.  H.  P.  developed  at  engine. 


K.(X) 

M.m. 

S.(H) 

•i.m. 

()  (H) 

p.m. 

10  hr.s. 

126 

323 

.')!)() 

tils 

13% 

Moisture  content  of  fuel.. 

Ash                 "          "       lof^; 

( 'alorific  value  of  dry  fuel K(>.")((  1$.  T.  V 

Fuel  consumption  per  hour,  as  fired 123-4    Ihs. 

"           "      calculated  drv 107-4      " 

"        B.H.P.  hour  as  firecj  1-WI    " 


Sp<'e(l  ol  nus  enKtne, 


calculati .;  drv... 


1   73    " 
■M)  \{.  W 


per  II). 


M. 


,')7!)8 


58  91 


M 
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ruu.n  VII 

Tint  Vii,  ;7,   March  i,  /9/0. 

.-Wn<  imcAIUX.MsKKVATIONS,    ,  Al.ni.ATKI.  WAITS    n  M    ,11 

AND  H.II.F*. 


Ti 

1  »t»'t. 

Am 

V„l(. 

\V,,tt» 

II    !• 

nf 

-wilrli 
liiuinl 

I  nil  1 

It' 

HIM- 

liiKirlv 

HVtrilKr 

'I'llni' .>r 
I'Imru- 

I.I.-  „/ 
I'liil 

f ',,!,■, 

ll'Hlr 
C.ii 

-limp 
ll>« 

^i.in. 

315 

127 
127 

3H740 
40000 

.5     It 

590 
60- U 

,y  t .  H 

n  Jll. 

H  0(1 

Kill,.! 

H  Mi 

.112 
310 

12.5 
12.5 

39000 
3X750 

\     42-3 
SI  u 

,50-4 
.5(1  0 

U5 

I)  tKI 

31(1 
310 

120 
127 

39820 
31»;i70 

53  4 
52  M 

mr  (1 

(i(>  0 

VI .  7 

il  15 

1(17 

J  .10 

310 

125 

MTHU 

51  !) 

.5((  H 

•>•!■  t 

110 

It  4.'i 

310 

121) 

3U0«I0 

52   ! 

.59  5 

.5t«  5 

10  (N) 

3111 

12(i 

Mumt 

52  .; 

III  l.'i 
III  .((I 

31(1 
30.5 

I2« 
I2(i 

3!KN>0 
3H4,i<) 

42;) 

51  .5 

.5il  5 
5X  5 
.5(t-3 
(ill 

i!i  (1 

70 

111  « 

11.110 

315 
.320 

12(1 
12(i 

3!miM) 
40320 

52  2 
54  (1 

M>   ,V) 

174 

11   1,5 

320 

l.'li 

40320 

MO 

(if    1 

(11  4 

u  :)0 

31S 

12(1 

4111 170 

5.3  7 

I'll  0 

1.50 

11  4.'ii 

320 

12H 

4U.i20 

54  II 

rtl   4 

12  00 

32S 

12JS 

40630 

51  4 

p.m. 

l>.(li. 

12  15 
12  .30 

32S 
32.5 

12.5 
125 

41000 
Mum) 

.■>l  11 
.54  4 

«2  4 
61-0 

(»2  4 

12  16 

173 

171 

12  4,5 

331 

125 

4l:wo 

55  4 

Kt  il 

j 

I  IHl 

330 

125 

412.50 

.5.5-3 

62  N 

) 

1.1.5 

1  .io: 

14.'. 

3.3.5 
3,30 
.3.30 

125 
125 

1  .'."i 

4ISM) 
412.511 

4I.',VI 

.5.5-3 

.15  3 

KJ-S 
62  N 

62 -K 

62  « 

1    15 

167 

1-20  ■ 

2  (H* 

32H 

125 

IHKK) 

,54  !) 

62  4 

2  1,5 

2  ;« 

33;(    ' 
;«2 

125 
125 

IllklO 
41.500 

.5.5  H 
.55  (i 

(13  4 
63-2 

63  ,i 

11' 

2  4.5' 

:!.35 

125 
125 

417.V) 
4INX(I 

5(i  0 
,5fi  1 

6:)  6 
(Kl-N 

2  44 

.1  0(1 
3  1.5 

164 

.i.i5 
335 

125 
125 

1 2li 

41  WO 
422.V1 
4221(1 
4|(1>MI 

.5(1  1 
56-6 
.56  « 
,V.  1 

'►3,7 

3  30 

1» 

3  4.5 

4  00 
4  1,5 
4  30 

320 

12(1 

64  3 
62  (1 

.(32 
.322 

120 
I2(i 

4  Is.  to 
4(l,)7() 

,5(>  1 
.5«  1 

o;t  7 

61  H 

62-8 

4  13 

176 

llj 

4  45 

.3:l» 

125 

411,30 

.55  1 

'i2  ■  (i 

5  00 

.3211 

I2(i 

414.50 

,55  (i 

(13    I 

,">  I.-i 
.5  3(1 

3IS 

32.' 

125 
12(i 

.i»7,50 

4(i.-.;o 

.5.3-3 
54  4 

(Ml  .. 
(11   ^ 

62  6 

iis 

5  45 

32J( 

12») 

V  M 

55  I 

62  II 
(M  7 

«  00 

3.37 

126 

42460 

.5(1  'J     1 

— —  - 

6  00 

213 

Av'  ». 

323-2 

125  « 

4ft5<J2 

.54-4     1 

(H  8 



Totul.s 

1 

." 

10  tirs 


12.34 


121  4 
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KM  <    run     H  !■ 


1'         ll'iiirlv 
(■•il        <-|„|. 


11.1 


ll» 


l.i(l 


171 


IM 


120 


11.-I 


K.1.IC,,,, 
■•uriipiicin 

I       P-T 

H.lll' 
hour 


:■  4.1 


I  ii 


1  >«i 


I  8.S 


1-S.l 


118 


Tr.HTn  MAi.f:  w.tii  thk  I'kat  Mamkv,  ,,  hki,  at   hik  <h>vm(sm.  -i 

I'kxt  li.Mi. 

.Ml.T  the  .Minplrtidn   of  ii,r  (•(...micul   I   '-umtoi-v     l.^sts  urn-    Imchm 
with   tlH-|)..at    mjiimf.i.turr.l    :,t    fl..-   CDV.Tnin.nt    p.nt    i>laiil    at     Vlltv.l 
1.1..,,.  I...Ki„MinK  tl......  ir.t..  .•„„.i.|,  ral.l..  tin...  w:,-  -pent   in    as,-,.rt'.n...Mu 

ih.'  Hiz..  to  whirl:   th..  pr.it   ,hnllhl  \»-  rni-UvA,  in  „r.l,  r  to  Ml,tain  Ihr    i.rM 
"Milt,.    11  th..  producer.     ThiN  i.i  ..xplaiii.-.l    ..n    img,.    |  |.     i,    „.is    f,Mi„.| 
uiat  |H.at   .•onlM.uii.K  M)  prr  ••.•nl  of  moi.-tiiiv  >h...ihl   I...  .•n|..h...l  to  ahout 

hf.  .size  oi  a  h.ii  s  ,.({(£:  whih'  for  prat  rontaiiuiiit  i.-s  n.. '-  ire  hirii-r 
-incM  iiiav  Ih-  u^..■.l,  nl'hoiiKh  the  -.iiialhT  mz.'s  „n,.r  ti.)  .li'li. -.iti..,' to  th.' 
ofxTMiion  of  til.-  pro(hi<.(T     r.nar.ll.'..r.of  the  inoiMiirc  .•oiit..„t. 

rh..  iTtiMlniiK  IS  :M-foii,p|ish<..|  l.y  a  i lifir.l  -tone    piilv<.ri/...r       llii^ 

It;  itv  .iiiuinal  form,  roiisistcl  of  two  spiral  .otruKat... I  stcl   rolls  of   .,|„„it 
t.    .Itamat.T,  X  -'feet    h.iiK,  .Irivn,    l.y    hMii.l.    throuRli   a    svsf.m  ,,'f    ,;,u. 
u  hr,|s.      I  h..   inaxiiimin   ch.arat.r,.    that    roul.l  1„.  „|,iain,.,|  "wa.s  oi.lv    I" 
whi.h  .•ni.slHMl    the    peat    to<,   ^i.all.     .Moreover,    the    eorruKiitionsu.n^ 
..nly    about    J      ,|,  ep,    so    that     the    rolls    f..,il...l    to    grip    the     pe,.,t       Tii. 
oriKHial    rolls      whirl,   ..ouhl    n,.!    I,.,    a.lapte.l     !.,    this    elass    .,f    .rushlllK 
were  replaee.l  l.y  two  vnM  iron    rolls,    provi.le.l    with    spik.'s   al,o,it     I 
...iiK.       I  he.se  proved  to  I.e  l.oth  sati-faetorv  ..n.l  inexpeiisiv,.       The  .    ii,|„ 
Y  .Iriv.n   l.y  a  T.    HP    I).  C.  „,„t,  .,    whi.h    happen..!    t.,    !„■    on    han.l 
Ih.'   power    turtiishe.i    hy    this    motor   is   altogether   too    hiRh     ■,   •>    M    1' 
niolur  I.eir.K  s„rti.-iently  p,.werful  to  .1..  1 1,.'  work.      The  .  .,nsi,|.  r  ',l,|e  an.o'unt 
ot    hues  whleh  resulted    fn.ni  the  erushin({    .allse.l    no    troi^^.h'    whafevr 
111  the  ..penitlon  ot   the  pro.lii.-.T.      'I'hjs  was  eon.    ii^ivelv  proved    '.v   t(  r 
.xpdiin.nts  earri.d  out  with  sere.'ne.l  p.at,  ami  aNo  with  th.i.e-,^  niix.d 
with  hues  just  a.s  it  I. -ft  the  crusher. 

Se\..ral  t.'sts  have  lieen  ina.le  with  this  peat,  five  of  whieh  .ire  her..  ,.  - 
..."If.l,  namely,  on..  ;}t)  hour  <...ntiiiiioiis  test  at  tnll  load,  aii.l  foi|.  i.i, 
iK.nr  tests  at  full    three-fourth-,  one-h.ilf,  an.l  on.-f.,.irth  h.a.ls. 

All  the  (.heinieal   tests  in  .-oniK  xi..n  with  this  wi>rk.    were   eondu.l.-ii 
nuhr  the  .lire,  tionot  Kdpar  StansH.M,  M.  Sr.    u  ho  has  charR.' of  the  Che- 
^  .ni.al  Lahoratoiy  ..fthe  Ku.'l  Testit.K    Pl.^nt.      DurinR    two   of  ih.'se  t.-sts 
I  asMstanee  wasremhT..,!  l.y  Mr.  M.  !•'.  (•.,„n.,r,  of  the  Mines  Hran.h  eh,.|ni 
f  cal  st;itT. 

I  I'he  following  is  .-,  tal.l..    .f  the  ana'-si-   of   '..els   us.-.l    ,n   th,.   ..ro.lu,  ,.r 

-5  'nai-:  ' 


12:1  4 


1  99 


48 
Tami.k  VIII. 

ANALYSIS  ()!•    11  Kl.S  |Si;i)  IN   I'Ul  )I)r<Kl{  TIMAI.S. 


Drscripliim  nf  fuel. 

I'rnilijcrr  usrii 


I'lAT   IHOM   AM  Hi:i) 
Kl)|{TI\(;. 


I'.IKi 

Dllliof  Nnv.  I),,'.  I),.-.  l),r. 

Miiiiplinn  14  I  (17  2:i 


I'.ll  I 


■l-i"  lil>.         Mar.         M:ir.         Mai 
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73 


74 
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:iii(i        :(0(i       2))-:!       ;(is  •.' 

.-iOd 
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(irv  furl... 
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f-!irlH)n 

( Dy 

cliffcn'nci'j 

'; 

:Min 

.TO  2 

Volalilr 

Maltir  '; 

(14(1 

(i.!!) 





, 

Ash •;; 

«■()     1       ...      1 

5  9 

Calorific 

value  of 

liry  fuel 

H.T  r. 

p<rll)    . 

W70 

!I440 

10  10  10 

hour         liour         hou 

lc-«l  le-^t  li>t 


at 


al 


at 


i  !  full 

lotul         loail  loa< 


:l.")  0         .Ct-.i  31  S 


35  I 


30' 


30!l  30- II 


fi2!l         KM  KiU 

04  60  0  1 


U440         MOO         {l.'iOd 


,  Fixetl  ''arhoti 

AviraKeanalysiMif  ilry  peal  from  aliove  .iaiialyse,:    Volatile  tiiatter 

'  Ash     

,( 'alorifie  value. 


30-8':; 

0.!  r; 
or; 

'.»4(»»  ll.T.l 


rilimale  analysis  of  sample  No.  74: 


I'Carlion  50  ()' , 

MyilroKen  5  2' J 

Ash  (j.O''; 
•  IxyKi'ii,  nitrogen, and  sul- 

i     phur  iliy  (liiifereneei  ..  32S'o 


Trial  Xii.  4,  Drcrmhrr  0-7.  If)ir>. 

During  this  trial  the  producer  and  ciiKiiic  were  operated  cotit 
ly  at  full  load  for  a  period  of  30  hours,  for  the  purpose  of  detci 
the  fuel  consumption  per  l)rake  horse-power  'u)ur;  the  uniforii 
the  gas;  the  water  con.-^uniption  for  cooling  purposes;  and  the  he! 
of  tiic  plan!  in  Kcrieral,  .luring  a  period  of  that  duration. 

Previous  to  this  trial  the  producer  had  l)een  standing  idle  foi 
time,  consecpiently  was  (•omi)aratively  cold  when  the  trial  commence 
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:i.">  0 
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.■11 -2 


KiO         I12S 
0  1  8  0 


•LVHI 


'Mm 


:«)s'; 
«.•!■!'; 
(ir; 
'.tm)  H.T.r 

p 

■r  II 

5(>  0', 

s-r; 

0  0',' 

KS'J. 


ited  continuous - 
of   (Ictcrminiiu 
uniformity    o' 
I  the   bchaviou 


pyroinct.T  measurements  w.Tc  n.a.le  of  the  rms  in  tl.e  ..(TlMkes    hrnce  the 
rise  m  temperature  of  the  pis.  miuI  the  int.Tior  of  the  |)ro,lueer  eruinot 
fortunately,  he  shown. 

DuriuK  the  first  ten    hours   eonsiderahh'    tar   was    earricil    n-ist    the 
cleiininK  system  into  the  mi.xiiiRaihhuhnissi,,,,  valves,  and  into  the  ('■viinder 
of  theeiiKUK':  l)Ut.  owiufi;  to  one  of  the  i)ro|)erties  of  peat    tar-esperiallv 
of   the   tar   resultiuR   from  the  distillation  of  peat    at    i..w  temixratures 
namely,  its  complete  soluti(,'i  in  a  mixt  lire  of  oil  soap  .ind  water -no  troui.lV 
was  e.xi.enenced  whicii  necessitated  a  reduction  of   tl,,.  loa.l.     DuriiiK  tlie 
remainder  of  the  test  the   nmdition   of   the    i)roduc.T   stea.iilv   improved 
and  the  operation  of  the  plant  throughout  the  last   fen  hours  was  satisfac- 
tory: with  the  exception  of  the  accumul.-ition  of  tar  on  the  valve  seat    and 
spindle  of  the  Kas  admission  valve  which  caused  somestickiuK      To  over- 
come' this,  a  mixture  of  oil  soaj)  and  water    was   dropped    <.n    the    valve- 
spindle.     At  the  termination  of  the  trial  the  producer  was  in  excell,.|it   coii- 
(lition    and  the   gas    contained    hut    little    tar.     Tiider    these    conditions 
tlie  plant  could  have  1) ,  operated  continuouslv  for  almost  .-inv  period     ' 

lal)le  IX,  contains  all  the  principal  data  of  the  test,  an  ins.Hc- 
tion  of  which  will  show  the  uniformity  of  the  jras  in  composition  and 
in  caOnfic  value  1  he  low.-st  heating  values  alwavs  occurre.l  imme- 
diately after  poking;  Imt.  with  very  few  exceptions,  the  heating  value  of 
the  gas  never  dropped  h)w  enough  to  m'cessitate  a  change  in  the  propi.r- 
tion  of  the  mixture  of  gas  and  air. 

The  fuel  nmsiimption  in  pounds  per  H.  H.  P.  hour  is  calculated  for 
pci.     containing  2r)  per  cent  moisture,  and  al.so  for  drv  peat. 

Ihc  amounts  of  water  used  for  cooling  the  ("'ngine  and  for  the 
cleaning  system,  calcii'  ,t<'(l  per  H.  P.  hour,  are  verv  low,  and.  therefore, 
sati.sfactory.  " 

The  following  is  a  summary  of  the  results  of  this  test:— 

Fires  cleaned   aslies  removed,  and  hoppers  filled.     .         11  00  a.m.  De( .  ti. 
Irial    started 1 1  ^^)  » 

"    terminated ■■■■■..■:::::;;  oJ)Op.m.  Oec.?. 

Duration  of  test UO  1,^^ 

Average  volts lJ)() 

"       amperes '.                   .      /'  .m 

watts  delivered  at  switchhoard 3X200 

H.  P.delivered  at  switchhoard .")1   2 

"        B.  H.  P.  developed  at  engine r)8-2 

Moisture  content  of  fuel 2'>-:i'^' 

Ash  in  dry  fuel ().()f ' 

t'I",'? '■  y'i'"*' "f  ''■■>•  f""'' •  "470  M.T.r.  per  11.. 

lotal  fuel  hred 41I00  Ihs. 

I' uel  consumption  per  hour \{\:\    " 

i;                      |]        n.H.I'.  hour  as  fired 2-81  ll.s. 

"  calculated  to 

„                                                             2.")f,'  moisture  2 •(».")    " 

,,.  ,                         "              "        cah'tilated  drv 1   ItS    " 

*\ater  consumption  jx-r  H.H.P.  hour  producer 2(ii  gals 

Q        ,    ,                                                     engine 2- 14    " 

»peed  of  engiii(> 200  K.  P.  M . 


;  idle  for   souk 
•mmenced.     N' 
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Tridh  Xon.  .7,  ff,  7,  „,((/  S. 

These  tests,  run  at  three-fourths,  one-half,  one-fourth,  and  full 
respectively,  were  made  for  the  purpose  of  determininR  the  fuel  eoi 
ption  i)er  B.  H.  P.  hour  at  these  respective  loads,  a-ul  the  load  at 
the  producer  operated   the  most   satisfactorilv.      Du.ing  these  tests 
tlie  exception  of  the  one  run  at  one-fourth  load,  the  Ras  was  sample 
analysed  every  hour.     The  fuel  consumption   was   determined    for 
hour,    and    the    temperature  of   the  gas    in    the    offtake   observed 
hfteen    minutes.     From    this    data,    and   the   switchl)oard   ol)serva 
were   calculated  the    E.  H.  P.,   and    the  average  B.  H.  P.  develop 
the  engine  during  each  hour:  the  composition  and  calorific  value  ( 
gas,  the  temperature  of  the   gas,  in  the  offtake,  and  the  fuel  consun 
per  hour  jier  B.  H.  P.     For  all  of  thes(>  tests,  the  water  u.sed  in  the 
v";*:';  '•IVi'"">K  ^^.v^tem  and  for  cooling  the  engine,  was  measured.     1 
\  ,  \  1,  \  11.  and  Mil,  show  the  results  of  the  test  in  detail:  while  C 
1,  2.  .i  and  4,  show  the  same  results  graphically. 

The  average  results  of  the  four  tests  are  s'hown  graphicallv  on  ( 
ISo.  .). 

On  this  chart  the  average  temperatures  in  degre(>s  p'ahrenheit 
average  fuel  consumption  per  B.  H.  P.  hour;  heat  units  in  the  gas 
the  water  consumption  in  gallons  per  B.  H.  P.  hour— for  l)oth  the 
dur.r  and  engine— are  plotted  as  ordinates  im  a  base  line  or  abs 
which,  in  this  case,  represents  the  respective  B.  H.  i>owers  deve 
during  the  four  tests.     The  chart  is  self-explanatory. 

The  summary  of  the  four  tests  gives  the  total  averages  of  al 
important  items. 

Test  Xo.  5,  made  at  89  pcT  cent  full  load,  was  intended  to  be  r 
exactly  three-fourths  loatl,  but  during  this  test  it  was  found  neees.sa 
furnisli  the  required  power  to  drive  the  machinery  of  the  ore  concentr 
laboratory:  which  made  it  impossible  to  carry  a  load  at  the  engine  pre( 
equal  to  three-fourths  of  the  full    load    rating.     Previous    to    this 
the  producer  had  been  standing  practicallv  idle  for  some  time,  and 
sequent ly,  was  not  in  a  hot  enough  condition  to  operate  at  its  best 
may  be  said    in    passing,  that  the  producer  cannot   be  brought   to 
proper  condition  as  regards  internal  temperature    conditions    i  e 
peratures  of  the  lining,  etc.— which,  of  course,  affects  the  unifonn 
oustion  i>f  the  fuel — in  a  few  hours'  run. 

To  obtain  the  l)<>st  and  most  efficient  operation  of  this  produce 
well  as  any  other  producer,  and  form  a  gas  as  free  as  possible  from  tar 
producer  should  be  operated  more  or  less  continuouslv  for  ten  hours  di 
the  working  days:  but  such  operation  is  impossible  at  the  Fuel  Te 
Plant,  and  since  the  producer,  before  starting  the  engine,  is  exhai 
for  only  a  short  period  by  means  of  a  small  fan,  driven  by  a  1  I 
motor.  It  is  necessary  to  run  the  engine,  in  order  to  bring  "the  pro( 
into  good  working  condition. 

An  insp-etion  of  Chart  Xo.  1  shows  the  steadv  rise  in  temper: 
from  .i2()  I',  at  the  beginning  of  the  test,  to  over  ■)4()°  F.  at  the  ter 
ation.  In  ail  the  succ-eding  tests,  after  the  proc  iccr  hail  become  hot 
the  ^temperature  conditions  more  uniform,  the  high  temperature  ncii 
540  ,  was  never  reached  even  at  full  load,  when  the  maximum  ten 
ature  n.corded  was  only  4<»6°  F.  This  plainlv  shows  that  the  prod 
\vas  not  at  the  l)eKinning  or  termin.'ition  of  Test  Xo.  r>  in  tlie  hc^t  cc 
tion  for  ethcient  operation. 

Test  Xo.  6,  at  one-half  load,  was  run  on  March  17,  the  dav  folio' 
the  test  at  three-fourths  load.     It  will   be  seen  l)y  consulting'Chart 
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Table  I-\'. 

REaULTSOF  01i.-<i:RV.\TI0N,S. 
Calcvutid  Watts,  Honai-PowiR,  I'lei.  CoNsciirnoN,  nc. 


Tnr  No.  4,  Dk.  ft-7,  1910. 


1     Time. 

Amperes. 

Volts. 

Watts. 

H.P. 
delivered 

at 
switch- 
board. 

B.H.P. 
Encine. 

Gah 

.\N1LTBIS. 

Cal.  Valoi 
or  Gas. 

Tim* 

of 

pokinc 

Pro- 

ducer. 

Watib  CoNsUMmoN 
or  Emoins,  and  Producer. 

No. 

Time. 

CO, 

0, 

N. 

C,H.   CH. 

H, 

CO. 

Combust- 
ible. 

Qroa. 

Net 

Engine. 

Producer. 

a.m. 
1  00  to  12.00 

p.m. 
200to    1.00 

l.OOto    2.00 
200to  ;.oo 
3. OOto   4.00 
4.00  to   5  00 
SOOto    6.00 
600to   7.00 
7.00  to    8.00 
8. OOto   9.00 
9.0O  to  10.00 
0.00  to  11.00 
1.00  to  12.00 

a.m. 

200to    100 
100  to   2.00 
2.00 to   300 
3. OOto   4  00 
4  00  to   5  00 
500to   6.00 
600to   7.00 
700to   8.00 
SOOto   9.00 
9.00  to  10.00 

10  00  to  11.00 

11  00  to  12.00 

p.m. 

12.00to    1  00 
l.OOto   2.00 
2. OOto   3  00 

3  OOto   4.00 

4  OOto   5.00 

Total  ave. 

360 

365 

363 
339 
345 
350 
348 
341 
343 
341 
344 
337 
342 

3.50 
350 
350 
356 
359 
362 
354 
345 
343 
344 
350 
351-8 

352 
357 
355 
358 
367 

Ill 

109 

110 
111 
108 
107 
108 
109 
110 
110 
110 
109 
108 

107 
108 
107 
100 
107 
108 
108 
109 
110 
110 
111 
111 

111 
110 
110 
109 
109 

39,900 

39,960 

39,790 
39,700 
37,400 
37,380 
37,450 
37,170 
37,600 
37,650 
37,840 
36.870 
37,000 

37,4»0 
37,780 
37,380 
37,800 
38,480 
39,090 
38,370 
37,670 
37,660 
37,860 
38,760 
30,010 

39,060 
39,410 
39,000 
38,830 
38,770 

635 

53-5 

63-3 
10-5 
«1 
501 
60-2 
49-8 
50-4 
50-5 
507 
49-4 
49-6 

50-2 
50-6 
501 
50-7 
51-6 
52-4 
51-4 
50-5 
50-5 
50-7 
51-9 
52-3 

52-3 
52-8 
52-3 
52-0 
52-0 

60-8 

60-8 

60.6 

57-4 

57  0 

66-9 

57-0 

66-6 

57-3 

57-3 

57-6 

56-1     , 

66-4 

67-1 
57-5 
56-9 
57-6 
58-6 
69-5 
58-4 
57-4 
57-4 
67-7 
590 
59-4 

59-5 
60-0 
59-4 
691 
590 

1 

1    2 

3 
4 

5 

6 
7 
1    8 
9 
10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

a.m. 
11.00 

Noon. 
12.00 

p.m. 

1.00 

2,00 

3.00 

4.10 

5.05 

600 

7.35 

8.30 

9.16 

10.00 

11.00 

12.00 

a.m. 

1  05 

2  00 
3.00 
4.00 

5  05 

6  00 

7  05 
8.05 
9  05 

10.05 
11.05 

p.m. 

12  05 
1.10 
2.06 
3.05 
406 

8-9 

108 

10-8 
10-9 
11-3 
11-2 
11-1 
11-1 
10-2 
9-9 
11-7 
10-4 
9-9 
9-3 

9-4 
8-6 
8-7 
9-0 
9-3 
8-9 
8-8 
10-6 
9-9 
9-1 
8-9 

8-9 
9-6 
9-4 
8-7 
11-1 

0-9 

OS 

0-1 
0-7 
0-1 
0-4 
1-1 
03 
0-2 
0-4 
0-4 
0-3 
03 
0-4 

0-4 
04 
0-3 
0-3 
0-4 
0-3 
0-3 
0-6 
0-2 
0-3 
0-1 

0-1 
0-1 
0-5 
01 
0-2 

57-7 

55-9 

570 
56-5 
56  S 
56-4 
609 
56-1 
,58-6 
55-7 
58-3 
58- 1 
55-7 
563 

55-9 
57- 1 
57-7 
56-7 
56-8 
67-5 
56-7 
58-1 
58-5 
59-3 
58-0 

58-0 
54  5 
56-3 
66-7 
65-0 

or,     1.9 
0-0     2-3 

O.i     IS 

n:i    1-6 
01     1-9 
{)■',     1-9 
or,    1.4 
04     2-2 
01     1-8 
04     1-6 
11.^1     2-1 
04     1-9 
0  4  1  2-1 
0-:,     2-2 

04     1-9 
O.I     1-9 

03  2-3 

04  1-8 
O-.!     1-9 
0  3     2-3 
04     iO 

04  1-7 
07     1-7 
0.1     21 

05  1-8 

o',    ;i-7  1 

0-4     20 
0  1     2-3  i 
0  :J     1-7  ' 
0  1     2-4  1 

9-1 

10-6 

10-7 
9-7 

20-9 
19-3 
19-6 

82-S 

32-8 

32- 1 
31-9 
31-8 
32-0 
26-9 
32-6 
33-0 
34-0 
29-6 
33-2 
34-1 
34-0 

345 
33  9 

33  3 

34  0 
33-5 
33-3 
34-2 
30-8 
31-4 
31-3 
33-0 

33  0 
35-8 
33-8 
34-6 
33-7 

12s 

128 

117 
117 
119 
122 
102 
124 
119 
125 
116 
125 
129 
130 

129 

125 

126 

128 

124 

126  ; 

128  1 

116 

121  ; 

119  1 

122 

140 
-134 
129 
129 
128  ' 

117 

120 

110 
110 
HI 
114 
96 
118 
112 
117 
108 
117 
121 
123 

121 
118 
119 
119 
117 

j 

j  12.00 

1 

p.m. 
3.20 

5-40 

i 

Gals,  for  30  hours 

"     per  hour 

"      "    B.H.P.  hour 

■ 

3,750 
12s 
2-14 

4,563 
152 
2-61 

Total  fuel  fired 

4,900  lbs. 

10-2 
8-1 
10-6 
11-3 
11-2 
9-6 
10-4 
10-2 

iw-z 
19-4 
16-9 
19-3 
19-8 
20-8 
17-4 
20-6 

01  .A 

Avorage  fuel   conHumption   per 
hour j      163  lbs. 

9  15 

a.m. 
1  00 

3.30 
5  in 

Fuel  consumption  per  B.H.P. 
hour  as  fired.     29-3%  moist- 
ure  

2-81  lbs 

9-7 

10-8 
9-6 
8-5 
9-8 
9-9 

ZI-0 

21-4 
22-1 
22-2 
22-0 
21-4 

Fuel  consumption  per  B.  H.  P. 
hour  calculated  for  neat  con- 
taining 25%  moisture 

2-6.5  lbs. 

Fuel  consumption  per  B.  H.  P. 
hour  calculated  for  absolutely 
dry  peat 

1-08  lbs 

8-9     21-8 
9-4     22-4 
8-9      19-8 
8-0     21-0 
9-0     19-9 
96     21-3 

8-3  1  20-3 
11-0  1  22-4 

9-9  i  21-2 
10-6  :  21-9 
10-0     21-2 

119              ■- 

121 
109 
115 
112 
115 

131 
128 
121 
119 
116 

10.20 

i 

p.m. 
5. 00: 

350-4 

109 

38.202 

61-2 

58-2 

9-9 

0-4  1  56-9 

04     20 

9-8 

20-6 

32-8 

124  i  116  :           j 

21256— p.  51 


•)1 

■J  thilt  the  iniiiHTitiirc  of  llic  (r;,s  ji,  il,,.  ..tTtMk.  Iia-  In  ciiii  ■  vi  rv  miil'crni, 
not  rcMchiiin  iliiiiiiK  (ln'  test  u  tcm|i(  tmIihc  mticli  ixrc,' ilnj;  210"  I- .  At 
Ilii-  tcnipciiitiirf  tlic  proiliiccr  npciaicd  nio-i  ~.ili-r.ii(oiilv:  tlic  u.:,-' 
throutjliout  the  entire  le>i  iH'inn  ptaclically  live  inen  tar.  Moreover, 
the  aiiioiiiit  of  waste  matter  pa~-iii(;olT  with  the  water  in  i-i  .leaninK  -vsieti' 
wa-  ex<-ee(linnly  sniaii. 

On  .\[an'li  IS  -the  (lay  followinn  liie  te-t  ai  one-lialf  ioa<i  I  hi  t, - 
lor  full-load  wa>  run.  .\n  in-peeiion  of  Chart  \o.  :{  will  >hi.w  tin 
teMi;ierature  conditions  prevailinit  in  the  an-  olTt.ike  lurinu'  Ihi-  ti-i 
.Vi  tlie  Wejiinninji  of  the  tri.il  the  temperature  was  ;{S()'  !■'.  'I'hi-  -lei^lily 
ro-e  unul  a  temperature  of  UMl"  K.  wa>  reached,  when  it  -teadily  drop|)ed 
to  47(1°  !•".,  which  w.is  the  lenii)erature  at  the  terminal  m.ii  of  tin'  iiial 
and  for  ;i  short  time  after  the  test  was  discontinued.     .\t  the  lermin.il  ion 

of  this  lest  the  producer  wa-  in  excellent   c lition.     'I'hi'  form  iiion  of  t.ii 

at  the  final  temperature  was  almost  nejr|ijjilil|.. 

Test  No.  S  one-fo\irtli  load  was  run  the  day  following  the  le>l  al 
full-load,  (hart  No.  \  shows  the  exeeedincly  low  l.niper.ature  prev.iilinu 
''I'li"'^, ''"'''  ''''"'•  '""'  '•''"ix'i'il'ire  al  no  time  during  thi«  run  exceederl 
l.">.')°  I'.,  and  scarcely  varied  more  th.an  a  few  decrees  from  this  temper- 
ature. 

/■'(/(  /  <  'iiiisiimiilitii  . 

The  fuel  consum|ition  for  .all  tlie~e  tests  \\as  ino>t  s.atisfactory.  ;ind 
the  hourly  rate  (|uite  uniform.  .\n  inspection  of  Ch.irts  i,  •_',  ;i,  and  I. 
shows  the  most  iiotiee.ilih'  variat  ions  to  (xaiir  ;il  the  time- of  pokinn  I  h.' 
fires  (ii   the  lower   /.one. 

(iinipiixitiiiii  mill  Ciiliirijir  Viilm  nf  tin   (,'(/,-. 

.\n  inspection  of  the  n;,,  an.alysis  in  T.ihle-  \',  \  I,  \  II,  ,ini|  \'lll, 
and  the  curves  representirif^  the  c.dorilic  v.-due-  of  the  f£as  on  ('h.arts  I, 
2.  :>,  and  4,  shows  that  throujihout  the-e  te-t~  the  composition  and  calorific 
value  of  the  jias  varied  hut  slipihtly. 

The  FiiniKilioH  iif  Till'. 

The  liy-i)roducts  resultinft  from  the  distillation  of  peat  .it  temper- 
atures ohtaiiiinK  in  the  'iroducer,  consist  of  he.avy  and  lijiht  tars,  p.arallin- 
oils,  ammonia,  etc., anil  i|ie  (piantity  of  such  products  depends  to  a  very 
lartie  extent  on  the  moisture  content  of  the  pe;it  wlien  fired.  As  previously 
explained,  most  of  the  heavy  t.ar  is  condensed  and  separated  in  the 
water  cooled  ])ipe  which  connects  the  u|)i)cr  and  lower  zones  of  the 
producer.  This  tar  drops  into  the  water  -eal  al  the  bottom  of  the  f)ipe. 
and  takes  no  further  i)art  in  the  formation  cjf  the  final  |)roducer  {i.i>. 

The  remaininp;  liy-products— such  as  lijrhter  tar  and  |)ara(iin-oils 
cMape  condensation  in  the  water  cooleil  pipe,  and  jjass  into  the  lower  zone 
oi  the  iiroduciT.  In  p;is-ing  throufih  the  hot  peat  coke— ;is  explained 
n\  the  forejioiiig  jjart  of  this  report  >ome  of  the-e  linht  t.irs  and  oils 
interact  with  carlion.  and  form  perm.inent  n,.,seous  coinr-ounds:  Init  the 
physical  and  chemi<'al  character  of  a  |)art  of  the>e  t.ars  and  oils  i-  not 
changed,  or  at  hest,  very  -lijrhtly,  and  they  pa-s  with  the  linal  producer 
u:.as  to  the  cleaninf!;  system. 

In  |)assinK  throufih  the  coke  scruMter.  a  l.-irKc  amount  of  the  lighter 
-ulistaiu'cs  is  separated  out  and  p.asses  otT  with  the  cleaniiiK  and  coolinji 
w,it('r:  while  a  lar^e  amount  of  the  products  still  remaininR,  is  sep.a rated 
out  in  the  tar  filter  which  is  continu.ally  washed  hv  spravs  of  hot  water. 
The  wet  coke  scruhher  and  the  tar' filter  separate  tlic  l.ulk  of  these 
products  from  the  ({as,  antl  leave  it  comparativelv  cle.an. 
212,-.()— .-) 
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th 


•  I  tl 


_<'<>r.linK  lo  the  tfiiiixratiirc  r.m.liticns  <,l.t 


!<•  liKHsluri'  ('(.ntfiit  of  the  pent  wli.n  find    tl 


liiiiiiK  ill   the  pr.Mliircr. 


I'li'.'iiiiiiK    systi'iM    still    contiii 


finely  divided    state,  wliiel 


MS    more  or  less  tiir 


e    (t.'ts    lifter    it    leave 


It   is  evident,   tliereforc,  that    the    f 


Hives  the  KMs  the  appearance  of  a  f 


earned   in  a   verv 


pas.  or  in  other  words,   tl 


orination    of    th 


•K  or  nnst. 
n.'d    |irodueer 


altered  liv  varv 


'■  Kiis    which    leaves   the   producer,   can  onlv  I 


.      I  I  .111         I'll. 

niK  either  tlii'  internal  temperature  of  tl 


iii.iisfiire   content    of    the    p-...t.      When    tl 


the    t 


emperatiire    caii    (»nlv    I 


decreasitiK  the  load  carrier!  on  tl 
A'/<r/  of  Temmmt 


le    increased   or    decreased    I 


le  producer,  or  the 
moisture   cannot    he    varied 


le  emrmr 


•>■   mcreasinir  or 


The  f 


the  Fitrmal'oii  of  Tin 
emperatures  res.iltiiiK  from  the  differ.-nt    loa.ls 


,  ,  r*t    •  •  "III    I  iM-   (1111  I'll 'III 

.•ncme  durinK  the  tests  just  .lescril.ed  are  plainlv  s| 
lowest  averaKe  temperature  occiirrerl  in  tl 


•.'irried    on 


liown  on  Chart 


the 
The 


pe.'it  used  duriiin  thi 


viz  ,  :{7-.")  [KTcent;  hut  the  t 


est   contained   the   highest   percent 


le  test  of   one-fourth  load.      Tin 


Wiis  scarcely  noticealile 
the   operation   of  tli 


:ir  carried  hy  the  Ras  past  the  cl 


!iK<'  of  moisture 


••onsisted  niainly  of  paraflin-oijs;  whid 


the  cl( 


K  system  before  ent( 


1  \ver<'  ( 


faniiiK  system 

no  mconvenienee  whjitever  in 

lis  test 


ind  caused  alisoliitely  __^^ 

njfine.     The  distilla'tioii  products  durinn'ti 


ither 


there  heiuK  l>urned   in  tl 


riuR  the  engine,  or  passed  into  tl 


partly    sef)arated  hy 


'I'l 


'le 


gasei 

load 
noliceal 


le  c(mil)usti(m  rhamher  al 


le  engine, 
ong  with  the  p..    lanent 


s  were  cons 


temperatures    previiiiinn  duriiin   tl 


le   one-half  and  three-fourtl 


)lv    ( 


lifT. 


i<leral,ly  hiKhcr,  wliil..  th."  character  of  the  l,v-pro<l 
i-ren;    Loth   physically   an.l   clu.micallv,   the'i,erce. 


ight  tars  heiuK  (|uite  predominant 
lowever.  reniarkalily  free  from  t 


Th 


is 

■products  was 

percentaRe    of 


Ras  durinp  these  two  test 


s  wa^ 


Th( 
e  amount  of  [laraffin-oils  hejnj:  compar 


greatest  amount  of  tar  was  form.'d  during  tl 


tl 

temperature  during  this  t 


of  tlie  former  t 


Th.>  t 


le  lo; 


serious, 
the    ten    h( 
water.     This  oi 


rials  at  lower  load 
ir  carried  p.-ist  th.'  cle.atiing  syst 


itively  very  sm.all.     '|'l 
was    higher  than  that  oht.iined  d 


"<■  test  at  full  load: 


'I'  aver 


Tl 


em    was,    howe\cr,    at 


-luring  this  trial  was  not  reduced;  an.l  onl 


:ige 
'ring  anv 


no   time 


wa 


tl 


piston    sprayed    with  a  mixt 


y  twice  during 


fter  which  the  g 
the  conditions  w 


curred   during    the    first    t 


ure  of  oil-so;ip  and 


wo    or    three  hours  of  tl 


continually  improved  up  to  the  end  of  tl 


le  run. 


Th 


■re  (iuit<'  s'ltisfact 


orv 


which  at   t 


<■    colour    of    the    hy-products— which  are 
roiii    M    light    vellow    f 


cleaning  system  -varies  f 


lie  run.  when 


"parated    o-it    in    th 


other    as    th 
experience  it    h 


inies  is  almost  1 


V    dar 


■k    I 


teinj)er:itiire     conditi. 


rapidly  clianges  from  tl 

vary     in     th"     producer.     I 


)roivn. 


•lie   to    (he 
"rem 


rne<l   that   the   light   yellow  colour  of   the    I 


l.rodu.'ts  p,  „..rally  indic..ues  th..  pn.p.-r  w.,rkiiig  .".f  t 
.lark.'r  hy-products  mdicat..  th..  onnosit.. 


1..   opposite 


.  pr< 


''(.r    while   th. 


J'^JTcct  i)f  Moisture  Content 


Wh 


'n  tli(.  p-rc.ntag..  .if  nu 


■'/      •  Pent  on  the  Foinial 


ion  of  Tar. 


tie.'ivy    tar    nsult 


th..  pr.).lu.'..r,  .•on. I 


iig  fr.im   th(.  disti 


contain.'d  in  the  p(.at 
i.in  .•.■irri.'.I  on  in  the  ii 


chaml)(.r   lea.ling   to   tl 
pip..    its(.lf.      When  t 


•■iis<.s   in   v..ry   lar^v  amounts  on   the   walls  .if  tl 


I.,   wat.'r   . 


40 


per  cent,  the  tar  .1 


I.'  m.iisture  c.>n»..nt  of  t 


■d    pip...  an.l  also  in  the  wat 


p..at  is  iiiw(.h 


high,    th.' 

ppt.r  z.ine  .if 

le  gas 

.'r  ...loled 


in  ex.-e 


..liami 

pi.!tt  contains  m.iisture'  much  in 


uring  a  run  will  oft..n  .•.mipl..tely  .lioke  the  al 


of 


'<  r  and  th,.  ,laini)er  l)ox..s  on  the  fop  ,.nd  .if  tl 


)ove 


,    ,  .  '"'  P'F"'-     An.l,  when  tlu 

excess  ot  this  amount,  the  tar  pro.iuced  i* 


■WW 


Tabi,k  X, 
REat'LTrt  OK  i>li>i  t 

CAIfCtATlD  Wa1T»,   H'IH««-I'i  wi«, 
TiK  No.  ''    Murrl,  Ifl 


Time 

»l  tnkinc 

obnervatiimi. 


Gts  Analtkw. 


g  30lc>  «  W  314  115  38.1601  38  1 
«  30  "10  30  314|  111  34.)IO0|  3»  9 
10  30   'U  30    309:  112  34,8901  34  8 


1     No.     iTime  of 

■I      «(      !  UkinK 

ttetnple. 'Sample 


COf.  •».. 


p.m. 


11  30 

12  30 

1  30 

2  30 

3  30 

4  30 

5  30 


•  12  30 
'  1  30 
'  2  30i 

•  3  30 

■  4  30 

■  8  30 

■  8  30 


305:  113:t4.3«):  34-3! 
304  114  34.490  34  .V 
ll7,34,9.V)j 

118  35.140 

119  35.510 

120  .M.  150 
120  35.520 


300 

299: 
299: 
301 
297 


34  9 

35  1 
35 -5! 
36-2| 
35  5' 


304|  U6  35.178  36  16147  15  53  58 


4 

5 
6 
7 
8 
9 
10. 


a.m. 

9  30 

10  35 

11  35 

p.m.    j 

12  3« 

1  40 

2  30 

3  30 

4  30 

5  30 


Ni.   |C.H. 

I 


CH. 


68 
7  0 
7  5 


1-8 
2-2! 
19! 


8-8  0-3! 


0 

9-4 
It  4 

too 

9-8 
9-7 


08 
0  7 
08 
0  1 
0  8 


57  8 
62  1 

82  o; 


60-81 

55'8 
57-3 
5881 

se-sj 

88-8 


% 

0  4 

0  2 
0  4 


0  2 
0  8! 
0  3 
0  2 
0  8 
0  2 


8  8   0  9'    68  6       0-3 


12 

3  4 

2  ^ 


4  7 

1« 

2  7 

3  7 
3  1' 
3  0 


11  J 
'i  7 


.1  s 

10  M 

s  :' 

II  :t 

<  s 

in  fi 


29       l«'3 
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DV  iiH-1  IlVATIONd. 

«i-l>i'w>»,  F'u  CoHHDitmoi',  rrc. 

^    Man  h  IS  -  i  Uwd. 


II. 


12 
3  4 

2  S 


2  B 


Water  CoNHUMrnoic  of  Emqini 

AND  PHODI'CIB. 


II  .' 

21  4 

1 
34-7     1 

123 

ll« 

320 

18-4 

28-7 

lilt 

111      332 

"' 

100 

1 

114 

107 

350 

,')  s 

19  t 

.103 

182 

124 

350 

in  II 

21  0 

34'3 

I2« 

121 

413 

^  J 

1S'4 

300 

120 

113  '  4M! 

11  :i 

ZO'S 

307 

13« 

118     491' 

■>  s 

20'B 

336 

137 

12«      503 

i(!      ti 

202 

340 

132 

123      532 



54H 

s  :! 

202 

31-7 

1288 

118      430' 

1 

165  3  00  (ittU.  lor  10  hours. 


150  2  82 
200  3-79 


per  hour 

per  H.H.P.  hour 


Eoginc  i  I'rodurer . 


112  5 

3I«t7 

112  5 

31S  7 

21 

59 

1302  48 
I90  2'HS 
150  2  Sli 
190  3  55 
140  2  58' 
135  2  451 
170  3  141 

1  1M'2-95 


th. 


mA^m^iiMr 


53 

(.f  -M.  lurg.-  MM  iiinoiiiif  .iH  111  milk.-  tin-  -u.-c  ~M\i\  oiht  itioi     ..r   i),,.   |,i..,|,t 

llll(|<T   ihr    |)ri'-clU    <''inilll  iliri-,   ll(l|lo-<.sili|t'. 

Sin,,  thr  pint  •  CIHTM',-  -;i!irf;ir|i)ril.V  lit  lilW  !(..t«l-  wl„  ,  ;  li.  Ii.,,„|,|ri' 
ulit.-nt  of  III.-  ))«'!if  is  hip  ,  li  w,„il,|  u|>|i»-:ir  Ihiit  to  ..|mi  iic  ..•ili'fncli.- 
rily  at  hiKli  («'  lull  l.iui-.  vvit'i  -,iii|,  |M'iit,  the  ciipacit  v  of  tin-  pri..'iiccr 
wiiiiiil  Imvr  to  !«■  coiHii.'.iiildy  iiiiTciiscI  Winn  upcrut.iiK  witli  ii.-Mt 
.i.iitiuriinK  from  '.'.*»  to  ;{(»  )«  r  wut  inoiHtu,'.  n..  (lirtiriilli.w  ;.••,.  ,u,\  «miIi 
tthcii  niriiiiiiB;  nt  I<i;m|h  vm!  viim  from  0  to  full, 

111  itiMclu-ioti.  it  miiv  Itc  stilted  that  :i  iiiat  K.-i  iMnvtr  l.iaiil  <:iii  l>f 
(>|M'r,.l.i|  .(.iitiiHloii-ly  miil«r  .kIv'Tw  roiiiljtiuri^  r-gMi.  ling  tar  «  itho.it  .-.iiv 
-.•nous  .{(■urci' of  trout. If,  'rhr  uiaiii 'n.ul.l.'  w  .auM<l  hv  tin  il.'|., witmn 
lit  l:ir  I. II  the  ritiKH  .!'  flic  pisttin,  ami  the  .U-pirsit  of  .■arl».iii/f(l  ^ar  at 
the  liiick  ..f  the  i.VJimj.T,  Iti  liny  case  tlii'  pi^tor  •!«  w.-||  ,*  ij,..  I.a.k  ol 
thf  rylind.T,  can  he  easily  ami  eiilirely  clean.. i  l.v  miecfinn  iii'n  the 
oiM'M  enil  i)f  I  lie  (Uimler  a  tnixtiir-  of  ,.il.  -oap,  :.,,.|  wai.r.  This 
rompletely  .lisH<ilves  tilt  tar,  which  i-  then  ilirowt  oui  hv  thr  forwar.l 
-troke  of  the  ii  .'i.n  Such  an  oiMTation  eon-ume,  very  little  !  urn  .  ami 
iii-iy  lie  resort.  I.  n,  while  the  eniruie  is  it:  opention  without  ill  any  vv,i . 
iniurimt  it. 

This  metli...l  (.;  clraniiiK,  h.iwever,  is  alwavs  a  i|irl\  uperiilimi.  ami 
the  plant  should  l-e  .s..  impr..ved,  that  this  work  Could  Ih' ,|i>pens,.d  vmiIi. 
The  p., 'it  r;i  iM.wer  plant  has  a  di-tinet  a.!iaiita)ie  over  one  utiliziiiK 
hiiumii...ii,-  loal.  In  liie  latter  case,  the  aiauniiilation  of  tar  in  the  valve- 
iimieyhmt.r  I-  lik.'ly-  if  ilepoMted  in  larse  amounts  to  re-ult  most  ser- 
ioiwly,  m..-si!,itiiiK  tlie  slinltr  a    hu'!!  ot  the  .  nifilie,  removal  of  the   nis- 

ton.  aii.l  (..mpl h'tiii..,' of  Ha   ..niriiie;  since    the   I'vlinder   aii.l    pi>tun 

cannoi  lh','<ai..d  i.\  «,-.  Iiiii«  with  a  mixture  ..f  nil,'  s..ap.  and  water 
When  this  m..tho.i  i  r  <  l-aninu  is  tried,  the  oilv  matter  of  the  coal  tar  is 
di.s.s„lve(l  out.  Iciu.MK  hi  'ui  .!  ,i  stitT  sti.'ky  mas-,  somewhat  of  the  nature 
of|)itch,  whicli  holils  the  piston  an  I  piston  riii^s  s..  tinhtlv  ,,s  to  make 
their  removal  alitn.si  i!iip.,,-ll.le.  'i'hi-  chansinu;,  if  res..rti-.l  to  while  the 
eiiKine  IS  rimninn.  would,  pi.ihalily,  result  in  an  aeciih'tit  lused  hv  the 
'seizing'  of  the  piston. 


ter- 
•'iii- 
.he 
■i-er 

I  ;;c 
ihe 


Slmid-liii  l,<iK.\. 

The  fuel   consumed,   while   the   producer  stall      ^  i 
mini. I    for  a   jieriod   extending  over  several   mo:"'!-       ;  ;  :i  , 

suin|)lion   has  Jx.eti  found  to  he  I.etween  2  and  :{  ii.       .  .    ;  .     • 
producer  stands  overninht,  and  lietween  I  and  2  ,   .■.  ■■■   •■    :•.■: 
IM'riod-:  three  days  or  more. 

When  picparinn  the  inoducer  for  the  niftht.  ti.-  ■  a  i. 
waste  pipe  is  not  entirely  dosed,  nor  are  the  air  flues  on  n 
ash  iiifs  of  the  upper  and  lower  /.o>ies;  as  a  con-eipience,  when  ilie  weather 
conditions  chiinge  dunnj?  this  period,  the  <a)iisumption  of  fuel  is  increased 
or  decrea.sed  dependin>{  upon  the  increase  or  decrease  in  to.'  strength  of 
the  wind. 

When  stiindinn  idle  for  considerahly  longer  iieriodv  tla  producer 
can  be  almost  entirely  clo.sed,  admitting  only  sufheient  air  to  maintain  a 
siiiail  amount  of  comlmstion.  The  damper  in  the  waste  pipe  must,  in 
■my  case,  always  he  left  slightly  open,  to  allow  the  gases  and  smoke 
lesultinK  from  i.mil.ustion  to  escape.  In  this  case,  th.'  tin^s  of  the  upper 
zone  an-  lialile  to  Ko  out,  and  will  have  to  he  r-liKht.d  when  the  pro.lucer 
Is  started  again. 

2 12.56-.-)  J 
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Tablk  XI. 

RESULTS  OF  OBSEl 

Cai^ulatid  Watts,  Horbs-Pub  eh,  I 

TiMT  No.  6.  M;irih 


Time 

s 

11 

of  takiiwc 

S 

Watts. 

•s 

obaervRtions. 

3 

1 

i 

No. 

Time  of 

R 

of 

takin« 

CO.. 

O.. 

N,. 

C,H. 

HH, 

II. 

< 

> 

X 

«     .  CQ 

Sample. 

Sample. 

a.m. 

i 

a.m. 

% 

% 

% 

% 

Tc 

8  00  to  0  00 

210 

118 

24,730 

24-7 

331    37-7 

1 

9  00  "10  00 

198 

111 

21,970 

220 

29-4    33'S 

2 

10  00 

8  00 

0-3 

57-8 

U-2 

3  2 

■n  5 

10  00  "11.00 

187 

111 

20,810 

20-8 

27-9   31-7 

3 

11  00 

760 

0-4 

586 

0-3 

3  0 

7  H 

11  00  "12.00 

19U 

11(1 

20,910 

2UU 

280   31-8 

4 

12.00 

8-30 

0-3 

59-7 

0-2 

2-5 

p.m. 

o.m. 

12  00  "   1.00 

190 

111 

21,090 

2M 

28-3!  321 

S 

1.00 

810 

0-4 

59-3 

04 

31 

73 

1  00  "  2  00 

193 

111 

21.270 

21-3 

28-5'  324 

6 

2.10 

8. 30    0-2 

S8'9 

0  2 

3  0 

2  OO  "  3.00 

190 

III 

21,020 

210 

282   32  0 

7 

3  00 

700    0-5 

60-5 

00 

3  !) 

.V4 

3  00    '   4  00 

191 

111 

21,300 

21-3 

28-5    32-4 

8 

400 

7-70  0-3 

58-8 

n? 

40 

7  0 

4  00  "  5  00 

191 

111 

21,170 

21-2 

28-4    32-2 

9 

500 

7-70  0-5 

60-6 

0-5 

2!) 

fi  6 

5  00   "   SOO 

188 

HI 

20.830 

20-8 

27-9^  31-7 

10 

Total  average. 

193 

112 

21, SU 

21-5 

28-8 

32-75 

7-8 

0-4 

59-3 

03  1 

3-2 

7'2 
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lble  XI. 

OF  (ll).<ERVATI0N8. 

I-PiJWEK,  FC«L  CoNSUMPnOM,  «IC. 

3.  6.  M;mh  I'  -  }  Load. 

1 

•5ii 

Ki 

kx. 

Cal.  Val.  Of 

S.fi 

^a 

Watir  CoMSDHPnoN  or  Eniiins 

Ga». 

and  Pbo-    otn. 

I 

[               i 

'Hi.     H-     CO    1  r:nm- 

Grow  Net. 

Fuel 
tiu 

Fuel 

r. 

~ 

Knii  ne.i  Producer. 

1 

bustible 

ri 

Lbs. 

■    ■■■  1        

"F. 

100     2-66 

Gals,  per 

IJ  hours..,,    S75  CO 

3,37500 

3-2     s  5     22-0 

33» 

133 

125 

212 

100      2-99 

per 

hour 87-SO 

33750 

a«     :  s     22S       33-4 

131 

124 

224 

130     4. 10 

"       per 

U.H.P.  hour       2.U0 

10-31 

2-5     77     21-3 

317 

121 

114 

230 

80     2. SI 

31     7  r,     21-4 

32-2 

129 

122 

224 

1 

3  0     7  7     21-7 

32-6 

127 

120 

230 

90     2-77 

3  !)     .-,4     22-7 

32  0 

129 

122 

245 

95     2-87 

40     7  0     22-0 

33-2 

138 

128 

24S 

100     308 

2  »     liii     21'3 

31-2 

120 

119 

240 

90     2-79 

235 

100     315 



3-2       7  2     21-8  1    32-5 

129 

122 

232 

106     3-25 

r 


i 
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TUrtNO. 

IBLE    XII. 

OK  on.-^Lin 

-POWEHO,    Kl 
7.   IIAKI  11  l»- 

mii*. 

Time. 

1 

3 

1 

i 

1 

i 

a 

m 

Gas  Anal^ 

No.    iTimeof 
ol        'amp- 
S>mple|    ling. 

CO, 

Ol 

N,    'c,H.    CH.     11,. 

1 

a.m. 

«  00  to  7  00 
7.00  "  8.00 
8.00  "  9.00 
9.00  "10  00 
10.00  "11.00 
11.00  "12  00 

p.m. 

12.00  "    1  00 
1.00  "  2.00 
3.00  "  3  00 
8.00  "  4  00 

verace 

306 
308 
30« 
323 
333 
324 

324 

328 
328 
329 

121 
123 
123 
123 
123 
125 

m 

123 
124 
123 

37,240 
37.930 
38,000 
39, too 
39,790 
40,470 

40,310 
40,280 
40,090 
40,393 

37-2 
37-9 
381 
39-7 
39-8 
40'S 

40-3 

49'9 
50-8 
51  0 
53-2 
63-3 
54-2 

M.n 

Ml 
57-8 
580 
tO-4 

tot 

Ott 
A1.4 

1 
2 
3 

4 

a.m. 

936 
10.30 
11.30 

p.m. 

12.30 

% 

9-3 
10-5 
9-8 

90 

% 

10 
0-4 

ot 

OS 

% 

67-2 
67  4 
6t'4 

58-3 

% 

1'4 
U-5 
0.3 

0-5 

I 

2-4'      111 
08       9'i 

21       S2 

40  3  54  061-3 
40  7  64S620 
40.4  M.l  RIS 

S 
• 

S.OO 
3-30 

9-9 
10-2 

02 
0-7 

580 
58-6 

05 
06 

23       HI 
2'5       K  J 

320 

123 

39.480139  5  S2-9  60t 

9-8 

051    57« 

06 

23       S3 

2125ft 

-P 

57 
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Cal.  Val.  Gas. 

r 

1^ 

V 

Watib  Consvmrion  or  Kmoini. 

AMD  PboPDOIB. 

H,        11:            CO. 

Combust- 
ible. 

Oina. 

Net. 

EiWiae. 

Pro- 

dvoer. 

%             n              % 

2-41      111         )9.« 
34       (i;        201 
09       !l'5        22.5 

21       S2        20.« 

% 

833 

30-7 
13  S 

SI -2 

138 
1» 

ue 

131 

130 
110 
110 

lU 

175 
130 
ISO 
185 
140 
150 

150 
180 
125 
100 

3  W 
2-24 

278 
300 
231 
143 

2-44 

•F. 

380 
383 

443 
442 
442 
485 

4IM 

Gali.  (or  lOhn.... 

"    per  hour 

"   pprB.H.P.H 

1,350 

135 

308 

3.000 

300 

4.«8 

2.1      SI        210 
25      «5        Itl 

ao6 

114 

la 

117 

114 

2  93    482 
1  03   475 
200  470 

23      S3        20-5 

»l-7 

125 

117-5 

1555 

2.S« 
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KoHTiNc  hi{(»'iiii;hs.  iia\()\i:i!.  (;i;uman\. 
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I'AKT    II. 


i 
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i;i;si  I.'IS    (ir      'IMMS     with     |-|!o|)|  <   IK:      \s     AITII'ID    \\\ 
Tin:  Knlj||\(,   |{|!nri||;i;s.  ||  \\n\  |:|;.  f.i:i;M  \\\ 


I  \  I  IIKIil    I    I  luN. 


I'lir  trial-  (li'-ciilifil 


111  p.-ill  I.  (I.inoii-lf.ili  il  llial.  •.,i!|i  III,.  |in»|i|.ir 
;fllil  clrallint;  -.V-lrin  ;i-  (Pl-iuiii.illy  i|c-.iir|i((|  .■ilid  .•,,|,-l|,i.!r.|.  il  U.I- 
iiniMi"iM.'  |.p  ..liiiiiii  M  k:i-  -uliiciriiily  liv,.  ir,,iii  i:ir  i,,  prriint  tlirMmin,. 
11.    .p|MT;itc    !ii;iiiy    lioiir-    wiili(.iii    ilci.iini;  i  he  (•\  lin.lri-  .hhI  \  ;i|   ,-.      |, 

\v;i-   ;il-.o    -liiiWll    tli;il    llir   ( ipcm  I  i(i|i    ,,t    i|  -iiiinir    ii  illhl  I  .!■  iMilnrili..  I    uhilr 

ihiTiminr  \VM^  ill  iniitioh.  wIiIidiiI  in  .uiv  u,t\  iiitcii'.riiiir  «ith  tin-  |.,:i,|: 
iMii  while  the  pliiiit  I'DiiliJ  lir  nm  li.r  ,-111  iiiili  liiiii.-  |Hii,,i|  witli.iiii  li.iviimt.i 
-Inii  down  i'uv  piii-pu-c>  nt' (JcMiiin^r.  ilVnrt-  u.  .■  hlhIc  iiMJi-cdvir  iIic -lai 
(if  I  he  I  roll  I  lie,  ami,  it'  pii--ili|c,  lo  currci-t  it. 

'rill'    rcMili<    ,it"    tlic    many    trial-    c liidcl    |p\     \\\,-  uriicr  .hkI  In- 

tirhnical  staff,  tciidcd  l.i  point  t.i  a  f.aulty  cnn-l  nictioii  c.f  l  Im-  piodilciT 
it-rh;  and  on  the  strciifilli  of  tin-  d. due;  ion-  inadi'  ffoiii  the  oli-,  i\  :il  i.,n-. 
i-iTtaiii  i-iiaiiKrs  in  llif  intfin.al  con-t  ruct  ion  of  the  producer  u.iv  iv.-oni- 
iiKiiiifd  to  Ki.rlint;  MrotlHr-.  ll.aiKPVcr.  Cprinanv  ili.^  inaniila.i  ur.r-  ppI 
the  plant. 

Willi  ;i  virw  to  a  — i-tinn  iImiii  in  llnir  cflorl-  tip  .liinin-itc  tlic 
Itnilcnry  to  the  fornialion  of  tar  in  iarur  i|ii,intilii-.  the  Mini-  I'.r.iiicli  -.  nt 
to  tlicir  work>  at  H.aiiovcr.  (Icrinany.  ten  tppii-  (pf  the  pc.it  in.iniit.nl  uivd 
at  Ilic  (Mpvcriiincnt  peat  pl.ant  .'it  .Ufivil.  .\ftpr  a  l,nj;thv  ii,\  c-t  i«,il  ion 
ot  the  hcliavioiir  (pf  tlii-  jxat  under  varyini:  ip.iiilit  iipii-  in  a  -iinil.ir 
pripdiK'cr  erected  in  their  >hipp-.  they  repiprlnl  .1-  h.ivin;;  -ui'cecpiiMJ  in 
olitainiiiR  a  n:t^  fn'»'  from  tar,  and  iPii  which  1  hicimini.  .ppuld  ,pp,r,itp'  lor 
inan\-  iiioiitlis  without  cleaninj;. 

To  accomplish  this  result,  the  enjiineer-in-i>h:irKi'  .acting  upom  the 
results  of  our  investigation  deemeil  it  advi-aMe  l.p  idler  the  -h.-ip.'  cpf  ihe 
lininfj  ((f  tlie  jiroducer  :  heeau-e  the  cipntriicted  ni'<-k  di-crilped  in  the 
lorejjoiiiK  panes  did  not  otTer  siillicient  resistance  to  the  p.a— ,i}re  (pf  the 
K;is  dcpwn  throuKh  this  neck  to  th.'  <pfftake-,  hence,  in-lead  of  (pp.  ratinu: 
as  an  iip-dr.aft  |)r(p(lucer.  in  the  upper  zone,  it  acted  partiallv  ,a-  i(pwn- 
drafl. 

In  (prder  t(p  ovchmpiiic  this  ditliculty.  the  contracted  neck  w;is  made 
much  hpiijier,  thus  increasing.  c(pnsider;ililv,  tlie  n-i-tance  to  the  |ia— ai;e 
ot   the  jras  throunh  this  <'haiinel. 

The  cleaning  system  was  also  .altered,  a-  will  he  de-crilied  Later. 

litlt  even  with  these  alterati(pns,  the  producer,  thouKh  undoulptedlv 
improved,  failed  to  deliver  a  gas  sullicieiitly  free  from  tar  to  permit  of 
more  than  a  few  lioiirs' operati(Pii  of  the  engine  hefore  it  Ipceame  nece— arv 
til  clean  the  valves  and  cylinder  to  prevent  sticking:  .and  the  ip|d  reineilv 
ot  washing  with  oil-soap  .and  water  had  t(p  lie  resorted  to. 

The  trials  ni;ide  liy  the  producer  expert  sent  lp\  the  K.rting 
brothers  from  (iermany  diii  not  prove  satisfactorv,  .a-  reg.ard-  the 
ffi'n.  ration  of  a  lar-,'ree  gas,  conse(|uently,  a  series  of  tests  were  conducied 
li.v  tile  technical  stalT   of    the    Fuel    Testing  Divi-ion  for  the  purpo-e  of 
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-.-n.o...,i^..i.;.;:i;V;:;;;:,;::;r;,i:::;;;,;;:;.[;: '■"■'•-""« -- 

;;;w;;:;:.;;,;™i:;:f.;;;::;;;;---L;';:!:i,;!;;;;;:;T  ;i 

.•'.lmi>>.on   vmIv..>,  .n.l  11,,.  piM.,„  .lu.,.1.1  ,„.t    n-iuir..  r  Zuu^,,^  Z    ' 

i::::.:;':^'  1:  ••:;::  ■.,;„:!:,  t:i.  '^  '""'^' ' """" ^'>'  ''•^' ">;  '-^^f 

I)KM  KMMM.N    nr   THK    A..,  KU.n,„Ns    M  u.K    To    TMK    Pkat    (  I.vs    1'u.„„  .  K„ 
AM)    (    l,KA\IN(;    S^MKM. 

r,";'!;i:7:-  /l;;:;";;--  -"  "•■  "■■ •■ '*:.;i;;;'i;o';';,;l,;!;,-;i's: 

,j,Jl,:!:,::;.T;;;:,.K;!;..^™;z:;;l;:;;r,:rSA;;;,-i;i!r 

«ltt,ik..>  Mt     h,    louvr  z..n(—wMs  taken  m.IvmmImk..  "f  lor  tlir  i.unm.,      f 


,       ''''';;  l'"'"K.'-  '•'.i.Mrun. f  sili,,,  ■|„.i,.k  Mt   a.  (1^.    I      Fiu    II      uIm,.), 


■^liccial   licaf   iiiMilatiiij;  mat.  rial  at    !• 


Til..  p,s  ..irtak,.  ,  f  tli<.  u|)|„.r  y.uw  l,as  l„.,.,i  ..„lartj...l    a^  will  1„.  .,.,.„ 
Iiy  .•oiiiparmK  fift.  1,  J-i^.  II:  and  FIk.  2,  pajjc  !t. 

'  TIm-sc  ;ilt(TUti..n.-.  u.  rr  rililll..  :rt    llli'  lAiNTl^icr    111,-    kT.,!,n„    II,.    ,1 

iAp.it-.  l..Ullawa.  ,..>u|,,ri„i..n<l  tli,.  «,„k  ^'^  ""■""•-•  »'"'  -''it  „„,■  „f  ,l„.ir 


I) 

V 


Fio.  11-T)KTAILS  OF  KORTINC.  PKAK.VS  PRODUCER 


'  II 


sec.  CD 


f 'Ml  • 


"^'""..^^  j^y^^i^^i 


S£C  E-r 


S£C  C-H     \ 


r..n  >, 


S£C.  J'K 
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mm        it     V**'^ 


bSm 


•wv 

111''    i[t:ili     I    II-   111        ,.     M|i|M  r    /..111     « |i-mii..|    Willi    Liiuir    iir- 

"IMIiMiu-;  wlilli  lliii-i  ..!  till  l<i\\ii  /utir  iiti  -..  ilr-lKlii  il  ill. it  tin  ui-  lintn 
till  ii|i|Hr  /iiiM'  ilr:i«  n  k  •  '  'irumsli  ihf  -c  arMti  «tll  I-.  di  tli  .  ti  .j  ,.\:n  I  Klin 
llir    cililli-   III    till     111'  1  1,1 -!■   1  liiiii.  iri       '      v\|i   III    llU-      I      1     .1      iml    ti 

-      llB     II 

I'l    >»l      III      I.I   Ml  III   \l\i.      nil      I    i>S  I  i;  \i    I  M.     Nl'K     Mil     l'\--M.I 

»    iivsi  '    MS.,      I  Ml       ;    IM'I   I       \M>     i.i'W  ll:     /.I'M 

III     llir     IHi'ijllcir    ;l-    il|||llll:ill\      rilll-l  nirli  >l       llii      1>.|-|.    lAiiUiij     III     llii 

u|i|ii  r  /mil  vM  !!•  ii.'iiii.iliv  iIi.ivmi  i|i.\mi  ilnuiiuli  tin  1 1  nir.iiii  .1  m  ,  k  c, 
KiB.  ■-'.  \K\\tf  !•.  Ill  llir  t«u  k:i-  iitlt.iki-,  ami  ilnl  mil  ill  |im—  lliiiiiiuli  ih, 
;  llli';il|i|i'«i  lilt  lllil  III  llif  liiwir  /iilii,  riili-i  i|i|i  ml;.  .  llir  t.ill\  ri  i||.|iiilii  lit  «  1 1| 
till'  II.I-  XM'IT  lllillltr  lilUIlI'lj  l|il|«|llll  up  mill  I  .  IIIIHlH'lll  rnllllill-lllijl  U.l-l  -. 
rill'   |Hiii|llrcr,    wht'ii    i)|HTMliliK   ill    till-    Itl.'llillir,    «;i-   i||i-i|l;ilt    in   llir     Iuvmi 

/Hill'.  Mil  I  p.iiti.illv  i|in»  'i-ilr.i|i   ill  I  ;,!■  ii|i|)ir  /utir  .  t  hr  n.i.r-  uiiirr;iiii|  iriiiii 

,     lulli.  IIiImihj  at    till'  iirilaki'-,        I'lir  .alilinilll   nl    l:il    |i  n  |iii  .|.  i  n   wlinl,  i  -raii,.,| 

'111-    |il'iiiill(il'    lllirlialllfril.    ilrpi  lltliil    mi    llii'    lallii    nj     tin     .1  liin'llil     nl     ua- 

|>a--llHJ    i|ii\Mi    IIiI'iiiikIi    IIii-    iii|ilr;n-ti    !    iiirk    In    thai     |i.i--lliu    tliiniiiili    l|,,- 

|il|M  ,   C-V-U.     I''l|{.     I     jiimi'   I!  rill-    r:  till    \\,i-    val'li.l    !n     tin     i.-liiclimi    111 

3    |ii|ii-    C-V-U.   i-|ill>iil    li\     till    ailliiiriiii      lit    t.iri\     iiiallM    In   it-   will-         \- 

•riniii.allv  rmi-lriicltil.  ilnrifnii-.t  In-  ii|ii  i.it  imi  nl  tin-  I  ti  111  1 1  nil  W.I-  n  n  viiilin-, 

i|i\rriiill  at  tiiiiii  :i  (£;i-  cmiiii.'iratiMlv   liir  limn  t.ir,  ami    'i  nilni   liim- 

■  111    iii':i\il\   ili.u'niij  witli  lair\    \.i|iiiiit-. 

'I'll  iiVrirmiir  till-  ijlllirllll  >  .ami  in  I'li-UIr  llii'  |i.i--aui'  ul'  I  In  iJ.i-  I1..111 
ilii-  ll|i|iir  t'l  till'  liiwcr  /mil-  lluniuin  llm  pipi-  plnMiliij  Inr  l|,i-  puipn-r, 
till  I'liMlrarti'il  iiri'k  wa-  lii.a.ji'  -ullniilil  l\  U\U]i  tii  iinni-r  tlir  ii'-i~l.imi' 
iirn'--.ir\'  to  pii'M'iit  aii\  appn  rialili'  i|iiMiiIil\  nl  ui-  111111,  I"  iiiii  ijr.iwn 
ijiiwii  tlinmuli  till'  -aliir.  Willi  tlii-  iii'W  iuii«li  ml  mil,  It  i-  pmlialili'  that 
all.  iir  \(jy  lirail\-  ."11.  iif  tin'  (fa-i-  ^  nUi  .1  111  llir  llppir  v.nw  .air  rnmilli  tiil 
III  till'  rliailllirr  limiir  the  iti'lll''-  nl  ill''  inWi'T  /iilli'.  u  Inrr  1  In  \  pa--  I  lnnimli 
ill''  (ii'al("«.  am!  mix  willi  tin'  air  ailiiiil  tiil  lliiniii;li  ihr  .lii-iipiiiiim-  in  i||, 
1I11111-.  Ill'  tilt'  a-li  cliiiinlii'i'. 

Tlif  (iliji'i'tivi'  iif  lir.'iwinu  tlif  u.i-f»  in  tlii-  iiiaiim  r  t  liiniiuli  1  lir  iin-.m- 

iji-rl'llt    |l(al    ctlkl'   III'    till'    IllWrr    /nllf    I-.    rilliiT    In   r.all-r    Inr    l;lll'\     \:il.nl|i- 

in  liiirii  wIu'ii  niixi'tl  willi  ilif  air.  nr  tn  In-  -plii  >ip  imn  pii  in.ini  nl  nun- 
lill»lili|i'  (j:'"^''*-  rili>  i>  rcaii/.i'il  tn  .'i  I'lrtain  I'Milil  :  Ini'  .a  i|i|.iiitll\  nl' 
ilii  t.'irrs  \apmir<  Hfiiirally  f-rapt  ~  inniliii-t  imi  it  ih  rmiipn-itinn  .'iml 
iMii-t  111  -I  parjitfti  nut  in  tlir  (•If.'iiiiiii!:  -y-ti m, 

riif  liiiik  111'  tin'  t.iirv  iiiatlir  i-  ri'i:in\i'i|  in  tlif  inkf  -riiililni  ami 
i.-ir  liltrr;  liiit  f\t'ii  I'.mii'i'  lln-  lir^t  rnmlil  imi-  tar  in  a  \t\\  liinly  ilniijiil 
-tatf  i-  r.arrii'ii  in  >ii-pi'ii>imi  liy  lln-  jj.a-  pa~i  tin'  iiilitf  ilf.iiiiim  -\-i.iii 
In  thr  I'linini'.  Ilcrr.  it  i~  lit'pn-iiiil  mi  till'  iiiixinn.  ,'iiliiii--imi  \.il\i-. 
•iml  in  tlif  cylimitr.  wlifrr  it  uicnmc-  partially  larlmni/.til.  caii-inu  thf 
\aUf»  ami  pi^lnn  tn  >liik.  \\  lifiicvf  r  tlii-  iifiiir-.  it  i>  tiffi'»-aiy.  in  milt  r 
111  fii-urt'  ri'dul.'if  tipt' rat  ion  nl'  thf  niniiif.  tn  tlinrmit.'lily  flfan-f  thf  rylimii- r 
.nil I  \  ahf-  wit  h  ,'i  iiiixt  iil'f  nf  iiii--<iap  .-imi  '\:ilf  r.  a-  .'ilifaii)  ili-frilifii. 


I-!kikii.^  Ill    .\i.i  in  \  I  iii\-    111    iiii;    I'hudi  1  1:11. 

\\  liilf  thf  prnilllcfr.  a>  linw  i-mi-I  niilfd.  r.ililnil  i|fli\fr  .'i  ;;.i-  111" 
Irnill  t;il'.  i.f.,  lalllint  fiiinplftfl  lnil'li  nr  -plil  ll|i  ilil.i  pf I'lii.ilif ill  inlil- 
liii-til)li'  (ja-f-  all  thf  hyilriifai  Imn  \apnur-  f\iil\fil  in  I  hf  uppir  /nm  , 
yt'l    thf  altfratinii    ha-  flTfftfii  a    iiianit'f-t    iiiiprii\  fiinnl  :   1.-  npf  r.il  imi    1- 


tic. 

„„„,,.  „„if„nn.  i.n.l  tlir  Miu..m.t  <.f  -..11,1  n.MlrriMl  ,.u~..->inK  a  ln«li  hraliiin 
vnlu.',  whi.-li   it     i-  ii.T..»Mr.v    to    Mparatr    ..wt    M.    thr    rok-    M^n. Mmt  is 
nnt.Tialh  .Ictci.x'.I,  and  at  limes  >c:,ic..ly  nut  u■<■:^h\,^.      1  !,<•  man.  .lilli.ai  t>  . 
liowfvrrVtiil  .•xiMs.  as  in  tlir  (.1.1  lorn.  ..f  tli.'  |.n.(lu,-(..'.  naim^ly    IIm;  Un- 
,„;„i..n  n|-  a  vai-ictv  of  tar:  as  a  thin  li.ini.i  uh.'i.  .......l.-ns..!.  a.j.l  as   ....•Iv 

.livi.l.'.l  |.aili.-l.'s  .■aiTi..l  in  a  Mat.^  ..f  suspension  alter  pa-M.,-  th.-ons;l,  \W 
..Icai.ints  sv-tem.  Tliis  ol.i.^clional.l.'  Ky-i.ro.luet  cannot  !..■  ..l.viate.l  in 
tl„.l.nMliu'ei-ils..ll'.  hut  n. list  l..-eparale<l  out  me.liai.K-allv. 

'To  ae.M.mplisl.  this,  the  mak.Ts  ..r  the  plant,  wh..  .l<Mnn,..l  ami  .arne. 
o„t   tl...  alt.Tati..ns.  <levi~.'.l  a  s,,e,-ial  a.l.lition  to  the  mU-  >';n'l;  "■>■•      I*" 

this  .h.viee,  as  ,.ur  manv  t.-ts  have  sh..wn,  lalle.l  to  ae il.lish  the  ,|.-i.v. 

result-  henee,  th<'  writer,  alter  .■..i.si.h'r.al.h'  exi.enm.'ntati,,n.  inveiite.l 
.Iivnie<lial  .levir.-  which  eon.plelely  remove-  the  trouMeson..'  m.att.'r 
from  the  p,s.      7'/..    iihml.  as  it  i  inr  si, mils.  ,s  ,u,  ii ti^iiKtliJi, ,1  siinrss. 


TlIK     KiiUTlNC     hllMiOVl.l)    <(iKK    SrItI   llHI.Ii. 

-1-Ih.  alffations  to  th.'  wet  eok.'  s,.rul.l.er  (mm.  Fin  12i  .'..nsiste.!  of 
.,,,  ,„i,ii,i„„   ,.,  tl„.  top  <.f  the  ol.l  se,-ul.l..T  which  w,as  Us.mI  with  the  oriKin.al 

'''"'The  shell  of  the  original   cok.'  .crul,l„.r.   Mill    m    place    i^  .l.'si}:nat..,l 
,„.  Fin    l->  l.v  the  letter  A,  whih' the  addition  is  m.lKal. Ml  l.y  I  h.;  lelt.i-   B. 

The  h.w.'r  part  of  lh.'  pfesent  scniM.er  .■oi.sists.  as  l»'l...v.  ..I  a  fias 
chamher  in  the  lower  part,  eonnecte.l  l.y  an  ov-erfh-w  1"1";  .^,  "' .;' ^^^'V;; 
s,.al.  also  a  ch.aninsJ  .lo..r  H.  ami  a  fjas  intake  D.  Ha;  middl.  pa  t  C  is 
tiUed  with  .'oke.  n'stinji  on  w.o.len  firatiiifis  at  F,  an.l  i>  iitt.'d  with   cleanmsi 

\t'   the  t..p  of   s.rti..i.   A    imimMliafly    al.ove   th.'    cok,.   is   a   s.ttlil.K 
,l,;,n',l..T.  which   f...-me.-ly  servd  as  the  outlet   for  th.'  ga-.  an.l   m   which 


was  placed  the  water  spray.  ... 

S...-li..n  B  the  a.l.liti-.n.al  length  a.l.h.l  t..  the  ohl  scn.l.h.T  ^'> ;'  I'' 
hiuh  On  til.'  lower  en.l  of  this  .-ylin.l.T  is  l...lt.'.l  a  di.aphrafvm  pat  S,  m 
,e  .'■entn-  ..f  whi.-h  is  a  hoh-  12"  ,lian..-t..r.  ,\  p.Tl..rat..l  m.tal  plaf  J 
c.,v..r<  this  l...h',  an.l  a  .vliiuhT.  K-K  ..p.a.  .at  hot.  ...ds  ami  p.-r  ...at.Ml 
,■„,.  ,l,out  two-thinls  ..f  its  h.igl.t^  fit-  insi.l.-  tl..|  flar.g.  O-O  on  h-  p.T- 
forat...]  m.'ta'  plat.'  J.  ami  is  h.'hl  hrmly  ...  plac.'  hy  th.'  .■.,%.■,  pl.it.  .  P-P, 
whi.'hp.-ess.s  against  it.     L  is  the  wat.'r  sjM'ay,  an.   N  a  .'.■[..■t  co.U. 

The  gas  f...m  the  pn..lu.-.T  .'nfrs  at  D  ami  J.ass.-s  up  through  th.' 
grating  F  ami  .-ole  C  int..  tl..'  ..xi-anshm  or  .s.;ttling  chan.h.r  R^  .an.  th.'n 
tl.n,..gi.  the  p.Tforat.-.l  plate  J  an.l    i,.Tforat..ms  m  cyhn.hr    K-K  t..  tli.^ 

'""''TlH'sprav  at  L  imping.s  against  tl..'  inl.'ri.-r  -urfa.'.'  .jf  th.'  .■ylin.l.r 
K-K  ami  tl..'n'pass..s  thnMigh  the  plaf  J  a..,l  .oke  C  t..  tl,.'  h..tt.m.  ..I  th.' 
Maaihh.'r,  wh.'r.'it  fl..ws..tf  thr.iughthepipe  E. 

Th.'  gas  in  i.assing  th.-..ugh  thv  wt  .'oke  is  .•..ole.l.  and  h.s.'s  son..'  .1 
its  ,h.st  an.l  ta.-.v  matfr,  whi.'h  pass.'s  with  th.'  .'....hng  wafr  ...t..  llf  s.-al. 
In  pas.h.g  th.-..ugi.  th..  p.'rf..rat.',l  nn'tal  i.lai.'  J.  th.'  y.-l.-cty  ot  th.'  gas 
,  .  c.,..s..,u..ntlv,  of  tl...  parti.'h.s  .,f  tar  .•arri..l  past  the  ...k.^  .s  ...civase.l, 
s.'  that  wl...n  the  gas  again  ..xpan.ls  int.,  th..  <•>'-"' "■'•,.-,"-->.'""X,\': 
cvlin.l.M-  K-K.  its  v..l...aty  ami  als..  that  ..I  th.'  ta.-ry  particles,  »  .  <  • 
•nul  ~ome  .)f  th.'  latt.'r  a.lh.Ting  t..  th."  ins..h'  ami  .•uts..le  suita..  o 
■,h..  cvli.ul.T  ordn.pping  t..  th.'  hott..m  ..nt..  th-  m.'tal  plat.' J  •;';™'''-l 
,h.wn  hv  the  stea.lv  11..W  of  spray  wat.'r,  to  the  ovrilow  at  tl..'  h..tt...n. 


.  I  _.M» () 
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A    Cclll-hliTIllilc   (|ll.-llllil.\    ill    l:ilf\     lll.llcn.'ll    i-    -i-|i:ii,-ilr,l    :r,„,i    the    u;|,    ill 

ihi-  \v:iy;  lull  llic  |).'irtii-l.-  wliirh  ;nv  .•.■ininl  m  :i  \.ry  tiucK  ,r\i,|cM|  -imi,. 
ih  Ml-|).||>ici||  li\  lliry;:!-.  ,iic  mil  .•ilTc.lr,!  I,\  llii-  .1 1 1  :iimv|ii,Mi'  ^v  lil.l,  t;i  v.' - 
n-r  1(1  .•tllcni:ilr  ilic|-i';i-r~  .-iii.!  i|i'cii:i-(  -  m  tlir  \  i|,iii!  1,..  ,,|  i|,,.  fi,,.;  |,|,t 
p.i—  uilh  il  llinmnh  llii'  iiiliir  rliMiiinu  -\-lii,i  1,1  ih,  .•iminr.  wliirc  ihi- 
iliMltir  i>  tili;illy  (iiinlc'ii-ri|  on  ihr  u:ilU  iiMhc  ini\iim  .-iiiil  .•ii|ini--i..ii  \;il\i  -. 

all'l  .11  lllc  r\lilllhT  il-clf.  'I'lii-  <l\\'-  V\-c  In  llir  I|,,l|l,|,-  |  11  ,  ■  \  li  lll-i  \-  |-, - 
Irfliil   111. 

'I'lii'  |>arlii'li-  carrii'il  in  -u-pi  ii-inn  ,iii-  in  -iirh  ,i  tmrly  i|i\ii|r.|  -.i:i!i- 
Ih.'it  tnry  iiivc  till'  ua»  llir  appiMiancc  ul'  a  uhili-  xajiniir;  in  laii.  lln  -uli- 
ilivi~ii)ii  III'  the  partii'lc-  is  >ii  iniiiiili'  llial.  1  lir  appliraiiun  i.l  ihr  inin 
vapiiiir.  Ill  tliis  pliciiiilliciiull.  Mia.\'  lir  (|ilitr  rm  in  I . 

rill'   altiralirn-    to    !lir    miirinal    rnkr    -rnililirl-    unr.    nil    I  III-    whnli',    :in 
illlprii\l'lnr||t.        '{"hcl-r     UTIT.     hi.WlMI,     rlliaill     ili'lail-     wliiili     lllltlhl      li;i\r 

lifi-n  liiiihrr  iinpnivcil :  I'm-  in-iaiiri',  ;i  pnriinn  ni  ihr  -niiij  niallii  -i-- 
paralnl  Irmii  llir  ua-  ua>  wa-linl  ihrniiivli  tli,'  pL-iir  j,  l.iit  ih.-ii  piiriinii 
«hirli  \va>  ilrpii-itcil  iilllsiilc  tlif  i'>lini|iT  K-K.  ilrnppril  ilmvn  ln-IUii  n  ijir 
lylinilcr  K-K  ami  tlii'  cmli.siii^  cxlimlfi-.  .m  In  Ihr  i|iapliiai:in  plali-  S,  w  hm'. 
in  a  -linr!  I  inir.  I  In-  aiaaiiiiillat  iuli  wmilil  lir  ijiiiir  inii~ii|ii:ili|r.  Si  pa  la  I  inn 
111  -111 ill  mailer  t'roin  t  lie  ga-  ajjam  tnnk  plan-  ai  I  hi'  npniiiiii  in  t  hr  initji'i  M, 
wlii'rr  ilir  aci-imilllalinll  Woillil.  at  :ilii"-,  I'limpli'li'ly  rlinki'  up  till'  pa--ai;r 
'llllillK  a  li'liJIlhy  run.  'i'lii'-r  ililirl'-  rmilil.  nl  I'liiir-r.  \u\\r  linli  i':i-il\ 
I'lni'iliril  h.'iil  tliis  -v-ti'm  ln'i'ii  -at  i-larlniy  in  niliir  pailii'iilar-. 


I-M'l  KIMKN  rs      III    .VsiKHTMN    A     MKIilnll      liili     j-'.l  I  Kl    11  \  l;l.^     .<  t  !■  \  li  \  I  I  \i  I 

1  UK  Tm!   j-'iii,   I m i\t    I  III,  ( ;  \>. 

ill  ilrlcrinim'  iimlrr  uliat   I'nmlilinn-  llir  tar  Inii  pii'-rni    in  prmlurir 

tta»  Wdulil  I- li'ii-c  nr  .~i'paratr  mil  trmn  llir  ;;a-,  .'iml  Imu  tlir-i'  rnmliiinii- 

I'liillil  lie  applit'il  ill  a  simple  Init  i'ITitiIni'  iiiannrr  In  a  rlraniiiK  -x-liiii 
Willi  special  relereiu'i'  to  the  one  already  in  plaee  expeiiineiil-  were  iiniler- 
lakeii  with  a  view  lii  invest iy;alin}i  the  ert'eci  on  the  niatler  lielil  in  su— 
pension  liy  the  jjas.  of  varxiii;;  the  veloeily  ol'  I  he  ua-  liy  ine.'in-  of  ililVerenl 
>ha;)eil  pipes,  etr.  'I'liese  experinienls  will  mil  lie  ilc-rlilnil  ill  ilelail,  lull 
iilily  a  staleiiieiit   liiaile  of  the  general  l'i"-ull'-  olitailieil. 

When  a  jias  heavil\-  eliai'Keil  with  the  alio\  e-ili'-rriliiil.  l.'ir-foi;  i- 
firawii  troiii  a  larger  In  a  smaller  rhaiiilier:  for  i\ain|ili.  lliiniifih  a  gl'is^ 
tulie  of  alioiit  I"  ilianieler  at  the  inlet  einl,  ilraun  iloun  to  ,1  -m.-ill  fr.'ietion 
III  an  ineii  at  the  outlet  enil.  the  Nelocity  i-  vi'i'\'  fireallx  iiii'iia-eil ;  hiil  if 
ihi'-  i£as  is  ilien  expamleil  into  a  -econil  I'h.'iinlii'r  I"  'liaini'n'i'  -iniilar  lo 
thai  lit  the  u;is  inlet  emi      the  followinn'  pheniiiiiiniin  ina\  lie  nli-erNiil. 

in  the  I'ontracteil  neck  lielween  the  luo  expamleil  rhainlier-.  I  he  lar 
tiiji'  is  seen  lo  eiiiiilelise  or  the  jil.'!--  w.ilU  a~  ,'i  li|'o\Mii-li.  Mark  urease. 
Ihi-.  then  foi'lii-  into  small  Jilolnile-  or  pellet-,  wliiell  are  -hot  out  with 
<''ili-ii|ei.iMe  fone  into  the  expansion  rh.'iliilier. 

i'his  plienoinemiii  may  iie  due  lo  the  (jreat  re-i-lailie  -it  up  liy  the 
rajiiilly  flowing  (las  afiaiiist  the  filas-  surfaee.  c'lu-inji  the  parti. 'le-  to  lo-e 
their  veloeily  ;ill(l  thus  ai'i'umillate;  or.  it  ni.'iy  po--ilily  lie  iliie  in  the 
ciiiwilinfi  toirether  of  the  slre.-iie  lines,  whieh  .'ifiei'i-  the  i|,'po- itimi  of  the 
lar  lo^'  on  the  wall-  of  tlic  ehani;,l.  or  to  a  I'lmiliinat  inn  of  llie  two, 

'i'lie-e   experiments   showed    that    the   l.'ir   fo^   I'liuhl    lie   -ep.-irali'd    finlll 
Sias  in  this  manner;   lull    the  IukIi  siirti  m-  ni'i'i'--ar\-  In  dr.iw  the  ^■,'l- 
t     niifih   the  small   tiiliiiiii:  and   the  tendeney   in  inerea-id   -iii'lion   due   to 
ciiififjiiiK  (if  the  pipe-  or  tulies  render  '-urh  a  mi'liiiul  iiiipr.'ii'lii'.ilile, 
212.-)i)— li 


(is 


^  i  f. 


y"..    l:l.--\r»ly,l,.vi-,,|  l;,r>,pMr:.t,„ 


CO 


\'  M   r.'MijI   .,1   tl„.  .,|,„v,.  .A,»,iiM.Ml<.  ,,  M.|,,r:„,,r  U;,-  ,|,.^i,..,l     „|,i,,|, 

I)K-,  uii'Ti..\    ni-    'I'm;   Sn'M(vi,,i(    Dim^i,     i,^    ij     |      11^,^, 
Thr  MMrin  inv..|,|..|  l,y  ll„.  writ.r,  |,„.  ,|,.  -,,,,.,,  ,,„.„  ,„   ,,,  ,,,,,|  ,.,,. 

lou  ir.m.  |.nMlMr,.rKavi>-l,,mn  in  -,.,n,,M:,l,.|,.s, .,,,,;,,    T,..    I  i 

'"■    l""-..r    |.;,rl    ,,r    il„.    ,.,,k,.    .,TuM„r    I,,,.    „o,    l„"",„    ■,h,rr,|       Tlir 

.•vlu„l,.r.  K-K.  IiK.l.'.,.,,,,!  ,.,.n,„:,„.,l  ,,|..,„.  J,  h:,v.    I.,.,.„    ,.,„',,  ';„„ 

'll«H;.I>l.-M'..  has   Im-,.,1   Mll,-ni,lti-.|   Ih,     ui,v   nn^l,   ,■,„„.,   A,    lli;.    |.L       .\,     •      .  ! 


iMTtlliW      |i;i-     lircll     |llci\i(|i(|     )ii|- 


""'     l'lll-|M,-,-     ,,|      (-...ilx  11, u     ,nv;,v      ih,       -,,||,| 


'III     ,||ir|    \\,i-|,ri|    1,(1    l,\ 


lli:illrr  -.•|);,r-:ilrcl  I'lorii  t  lir  t;;i^  ,hi   iIic  (iiil-i.l,    ,,|   l|,, 
till'   -|)ra\-    G. 

.     -^    "at,.,-    ~|,r:iy.    B,    ^..v,-.    llu-    r,  „mI,|1,.,|    Mi,,,, '    „:,.|,|„n     ,!„■    in- 

iiriiir  -iirlaiT  n|  i),,.  ,■,,„(■  ami  r,„.Un<i  thr  ii.„.  .\i  F.  :,  u.-,t,r  ih  I,  ,.  I,,.,.,, 
ITiiviiliil  lor  ^liihinii  Ihr  ,,vr,tluu  i,i|w  E.  ulMiMv.r  il„-  -Imu:  ■,  l,'„,l,,„-v 
III  I'l.iK.  I  111-.  h(.«rv,.r.  i,  I,:,-  ,„.v,.,-  I,,.,,,  ,„.,.,..,,,,v  i,,u-..  tl„,,v,r||,,u 
IHpi'  n'liiaiiiliiK  ali~iiliilcly  i-lc:iii. 

TIm'  wat<T  >|)ray.  G.'  wliirli  ii,  tlir  u|,|  -v.,,.,,,  „,,  ,„|.|,hr,|  will,  r,,l,| 
watn-  .rnly,  l.  ,„.W  r„li,ir,-|,,|  l,y  a  lu.,-u:,v  r,„k  In  ll„.  rHiiii,  ,•,„,!,„„ 
uairr  tri.ni  th.'  Ka.  runuu:  Wiirnrvrr  ,|„.  -,„.,i,,„  „,  ,|„.  ,-|,,n,l..r  ru„~ 
taliillin  I  ,,.  wiiv  iiir-1,  cm,.  iM'^iii-  |,,  ri^..  i,,,.  ,.,,], |  „,,,,,,  .,,  (;  „  ,|,,|,  ,,|| 
ami  til,,  h.ji  «,.,t,.,-  tiirm.,1  ,,ii.  I'.y  il„.  i, „,■,„.  ,|„,  „„.,„„,  ul.ihvrr  ii 
may  I.,.,  is  l,|.,,ui.jii  t,,  ii,.rinal  in  al.uiil  a  iiiiniit...  Ih,.  ,.nn,  „  „i„|,.  ,.i  Id 
nir~li  hra-s  \viii.  -it,.,!!. 


I)KS(  llll'l  |ii\    (]|     (il'l-.li  \i  liiN. 

'rii,.  (las  passi.s  tiii-Diif;!,  !h,.  w,.t  n.kv  into  i.Jiainl.ri  R  a-  1.,  |,,r,.  IVom 
t  n-  rhain  i.T  tl„.  ,.x|.aiii|,.,l  ami  ,.,.oi,.,|  n,,-  i-  ,lravvi,  ll,n„ml,  i|„.  ,,|„,,iii..  O 
lliniiiKli  111,.  I'tiih-  sen,. II,  ami  pa--,-  out  :ii  IVI, 

111  pa-^iiic  tlifoiij-li  il„.  ,.,,m  -IT,.,. II.  M.in,.  ,,l  ih,.  pail  hi, ■.  ,if  il„.  t,.,,-.f,,jr 
-till  (•arn<.,|  liy  ih,.  )r,.|>.  impi..^',.  ,.iy:..,i,|M  ,|„.  niriallir  -mi:,,.,.  ,,|  i|„.  ,.,,n(. 
a};fir,.}.;,f,.  into  (•,,mpafativ,.|.\  lai-.u-.  drop-,  ;,n,|  an-  ih,  n  u,,-l„.,|  „((  l,\  ih.' 
'■"■"iniMiiis  -pr;iy  B  ilnippinu  into  ,-l,nmlMr  R,  ihrmiul,  i|,.  „,.,  ',.,,1,,. 
'lowii  to  th,.  w;,t,.r  -,.al.  Till,  parti, -I,-  ,.-,.:,pii,ir  ri,ni.,,t  uii|,  i|„.  nirt-illi,' 
-iirj;,,.,.  ,,|  til,,  i-on,..  Ill  pas-Ill^-  lliroimli  il„-  tin,,  nn-li,-  ;,iv  rr.,w,l,M|  io,.,.||„.|. 
ami  aiv  tliiis  ,.au-,.,l  I,,  ,-,,al,.-,.|.,  loriniiiK  lai-vr  ,ir,.ps  xvlii,.|,  ,.ii|„.r  n.jl,,.,-,' 
Ill  th,.  ,,utsi,l,.  siirt;,,.,.  ,,r  til,.  ,-,,m.  ,ir  ,lrop  t,,  ti,,  li,,it,,i„.  uh,.,,  ,|„.  ,.,,„,i,|. 
iious  I'olil  wall. r  spray  G  \v,.i-li,.-  tlii-  l,arry  ni,att,.r  tu  t  !„■  ,,\  irllou  ,.,i  C. 

It  will  thus  I,,.  -,.,.n  tli,at  th,.  a,-tioii  ,,f  th..  ,.oii,.  M-r,-..'i  in  ,|iniinatin>r 
I  III.  tar  toK  is  twot'olil:  i  1  i  in  proilm.iii}.-  ,.o,.|l,.-,-i,r,-  ,,i  tl,..  \u<i  p;,rt  ir|,.,  I,v 
iiiip:ii-t  with  th,'  s,.li,l  part-  of  th,.  -,.r,.iii:  i2'  raii-iiin  i'o:ili-iin,.|.  of  th',. 
loi;  parti, 'l,.-.  Iiy  i-r,iw,linj;  to>j|.tli,.r  th,.  -tn^ani  lim-  a-  il,,.  ",■•>  p.,--,- 
'lifoiiKlith,.(im.in,.>li,.so|-th,.s,.r,.,ii,..imlr,.t,ar,liim:  tl„.  parlii'l,-  ?,'v  lri,.ti,,n 
with  Ih,.  int,.riial -iirfaic  of  till' nii-hi-, 

W  li,.n  the  siii-ti,in  sh,,\v-  a  t,.ml,.n,.v  to  imr,,-!-,.,  ih,.  ,..ili|  uai,r  at  G 
I-  turiicl  off  Mil, I  th,.  hot  w;it,.r  turn,., I  ,in:  wl,i,-li  i  horoii-hlv  ,■]<.,•, ii-,-~  th,. 
'■iilii-  III  a  vi'i-y  -hurt  titii,.,  at  an  ,.xpi.|i,lit  hit  <:!  a  virv  -tnall  aimmnt  ,if 
wal,'r, 

\u  aiitoiiiatic  arranjii'mcnt    i-   iM.iim;  .l,.vi-,.il   wli,ri.liv  ,.in   im-n  •,-,.  in 
-iii-tioii  will  instantly  turn  off  th,.  ,-,,l,|,  nn,l  put  on  th,.  hot  u..,i,.r.  :,n.|  ,/,-- 
"■■•".      By     this     (Icvic,..     th,.     ,-,in-iiinption     of     l.oth     hot     .•,ml     ,•,,!, 1 
w,.|ti'r  can  he  rc,lui.|.,l  f,i  ;,  inininiiini. 
212.->()     ti.'. 


7(1 


III   iinliiKiiy   |ii.i(ii,,-,   huw.vcr,   it    | 


I'l-     ll"l      ImcII     I'ulllld      IICIM-.N.IIV        til 


TiM.  uMirr  r„i,.imipiin„  inr -i.^iMinu  witiMin/,;;;;",;'^;;;^;';- ■. , 

'"••■'-.;:'l"^'''- "'■""!  II M:   whirl,  u,..  vrrv  >nnll 

ill-'   KNv    .•lll.r    I.MVl.iu    tlii,    ,l,.;uMMl.    M-l,,,,,    i,    -Mllirirnl 


t  111- 

>     I'i'ci'    llolii 

t 


tiouMr  wh.ii..vrr       M,„-         .      I i  '"'.'^■"  '"«""•  "'""""  ^'"^ 

r':,;"^:;:"::;'i:;'^-:'^;:^';;;;'",;;:,;r:;,,r"r^:'"' „ ;'^; :'■■ 

':n"rz!':;::';:i:i:::r ""'-" '"—  -  -  '-"■-  h-  »-:■ 


*'^''   '■" '  '"    I'^i-  «iiii  Tin:   K..IMIV,,    l'|,ni„ 


11^    I  hi:   M  \ki:ii 


<  i:ii:  A>   Ai.iKiii:!) 


,.  ,  '  '•""  ""■  ""."l'l'lii;ii  or  tl„.  ;,ltrn,ii,,M~  ,„  il,,.  ,,n„l,„.,T  an,l  «•,.  rlrmii,.. 
Ti.'  firs.  il,n...  „.M.  ,|..„.nl...,l,  N.,..2.l.  21,  an,]  •.>!,  w.-.v  ,„m,1..  uiti,  tli- 

:i'''-<'l-'ll>IKln  thr  ii,-.trMrti,,li^  nl'  III,,  nmkc'iv  i..mu«<H     .,|).l.ltMl 

I  Ih.  I..MS  2s  to  :;.i  inHu^ivr   w,.,v  .■an-i,.,!  .,„t  lor  tl„.  purpo-r  of  rxMi,,- 
.  1   K  .1,  ■  iM.liMvmur  o.   ,1„.  pro,],,,.,.,    ,„„|„,  vari.,!  ,o„.lit  on  ,  a.i.l  wit      a 

NMU  I  ,.|,.,T..a>..,«th,.an,,M.n..ot■ta,■i,,,|,..J.^a.|,^avi,l^,lH.,•l.^a„i,y.^^^^^^^^^^^^ 
III  n.iKliout    tl,..  jatt,.,-  s..ri,..  „r  trials,   tlir  .aiKin,.   wa^  n    ,   -i.     „        v 

.■".Man    loa,|      ,l,i,...,,M,n„Ka,,..arly,aM,>,a,itaiauan.liM.o,         /    ro    u^^^^^ 
.    "-•'liMM.M,|.MTvMlHM.|,anKvin,lM.Ma..M,|,l,,.jr;,.,pH.,apalhaVr..j^^^^^^^^^^^ 


'I<»-'  I'.v  IcaviiiK  til.:  ;iir-.m,.|,inu-.  lor  tli..  iipp.a-  y.„ur  lui 
tliosc  l.)r  the  |o\M-r  /one. 


\'  op.ai.  .all. I  altiain^ 


l'i:i!S()XXi;i.   OF   TKcllMcAl,   STAl'!'. 

In   .■arrvini,  on,    th..  ,„n,..  of  „.  ,       ,,...  ,,,i„.,  „,,,  ^,^^i,„„|    ,,^.    ,, 
I  h/an I     i?.M   .    t.M-l.niral   ,nfrnH.,.r:     Ivj^ar  .<tan>fi..|,i.    M..S..,   ..nmn..Tin.. 

S:;:t,i';:';;';;o,:r '■'' '-''-'' ^^■'"■" i--i..ii,.rpar,i,.nia;„'v 

i;<2i  li'.Mi-N  r. 

';;  ■"l.'!i'i!'ii  I"  Hi.'  .Minipni.ail  u~,.,|  .lurinf-  tl„.  ....t.  ahv.a.lv  .I.^M-rih,.! 
till'  lo  lowinjr  niMrnni.aits  ,y,.rv  inMall.al  an.l  u>,.,|  .inriim  .li,.>,.  ,,ms-  :<uniU 
•vo.-.  i.ifi  KMs   .■al„rMn.-t,.r:     Hri^tol    r pjinir   nvroniH-r-     Ti^win-   i"  ,' 

::;;i:;:;n;':r;'ar;;!;™'''''^ ''■'•' ''"^'■■^'■^^^ 


m 


ilurr.uMhrua-  .  mi|„n|ri:,k,.,„  t  h.  upp.  r  /,  .,„  ,,„l  -  h..  I  u  , ,  .  ,  -  .,|| ,  k.- 
••1    ill.-  I.iu.r  /.i,i,r. 

Til"   '■•llonlic    V.-llur  nl    ||„-   li;,.    «;,-   ,  I,.  .  ,  ,„  i,,,-,  |    I  I, ,  .  ,i  m, ,,  Ml    I|m     Im  ,U    I,X 

in-;iii-  Hi  ,■!  MiMil,  r..,nn|iiiu  u.c  r,-,|,„  iimH.  r,  Tl,i-  r:,|,,niM.  i,  ,■  „r,k,  -  ■, 
l.-r.|  nl  rv.TV  \..ll,'llln„  |„  ,|„  u,,-  ,,,,|-,.,|  |,^  |„,k„,y.  ,  „,  ,  |,„  , ,  „  ,„;,  I  I,  .„  ,  ,| 
Ml-  -p;M'.-  II,  til,-  pi-Milii,-,  I-,  ,-,|„i  ,-,,ii>iiliil,-  :,  \.-i|ii,-,l,|,.  ■i,||,|,,,i   I,,  III,    ,,|,  ,  I 

\'"";"  "'-"•'""'•'I'-  "-"-illv  IouimI  ,n  il,.   .uvu>r  r ,-,    -,n.-,    tl„    ,-|,.,nu.-  in 

Mil-   Im-,-|IIMH   v.-lllji-  ul    til,-  l!.-i-   I-   p,-niiM,|     ,1    Mill-,- 
III"  p|n,ii|,-t-|-  ,-iMi-iiilalit. 

Til.-  .|ii.-Mility  .,1'  i.-ii-  .-:,ri-i.-,|  Ml  i|„.  i;;,-  V,;,,  ,|,,,,,i„ih..i      m  i|„    |.|,.,,,. 

IIUIIiIh-I-   .iI    |i-«|.         |,y    !ll.-.-|ll-   .  .|    .1     |!|:hK     l;,,-    llllir, 

lnMMiiii.-l,M^tl,..Sinillii-.-,-.,|,|i,,i.i.,.,.,|,,,,i,,,i.i  ,..  ,|.,-,,iiK  iii-i,,„n,,it 
UH-.I  uliii-li  ha,  nut  iM-.-n  .l.-i-ril..-,|  in  i.-.-lmi.-.-il  iMiimaN    ,i  |,-,.  |„ ,  ,,  ,|,.,  |,„,,| 

.-\p..||.-lll    l.-KIVr  tli.-  lu||.,«li,L'.|.-M|ipti.,||  a, 1. 1  .Aplali,,ll.,|i  ,,l   ll,,-  |„inr,n|, 
Up.ili  \vli|i-|i  IN  <ip(-iali.,ii  i-  l.a-i-i|. 


HmI    ran     In-    r,r||tl,,|     I, 


>MI  I  II     III  .  .illllISi,    ,,  \-,    ,    \|,..|,-|\n    I  I  K. 


Ilii>  iii-tniiiMiil  I,  Ilia  inn  a. I  III  1,1  l,\  U,,.  |.,.MnHi,,ii  lii-i  i  iin„  m  \\,,rk- 
I..-Miitll.m.  (»l,i..  u<.-.-  I'lal.-  X  .  \,i  .liauinu-  urn  -,ipi,li,.,|  |,v  ih,'. 
Ill-ll-    I.,    -.Ii.iw    til.-    ,-,,||«l|-||,-ti,,||    ,,|    tilt-    in-lllllli,  III  ;      ll,,-    |,,||,,ui| 

li"«t-\.-r,  Ii-.,ni  .-niiiiiiiuii.-ali.iii-  ri-i-,i\  ,-,|  ii,,ni  ih,  m  ui\, 
uiii  kinu  III'  |l|,-  .-al.ii-iin.-i.-i-: 


iim  r\lraii- 
mI   li|i-a   1.1    III, 


III.     II         \a-  ;iiii|  J.M-  piniil'-    \\  it  h  itM  ii-.,   !■  >i    "mil  h  I  . 

I  '.li.-lilll.  Irl 


"1  lif  ':i  111  pi  in,;  pinup     Sn-  I'lii.  !  t.     i-  ,i  ■,!!>    !i-.tlinii:  jiiiiit-  thnii  -i  uuw.  i  iji  i\  i!i  iii.  •.  i ,  w  liii-ti 

I'll  ill,-  i-:,lM,-,lii|.t,T.  i'lir  iiir  :lMii  L':i-  ll'-lii  ill'  -:i  lupl  1  UL'  P" '"  i'  •<  I '  Pl  I"  '  1  "'  pa  I ;,  I '  I  >  lii  tii,'  -■iiiiili. 
III. I,  1  pi.,p.r.  aii.l  llic  «;,-  l,iil-ni-.l  in  il,i-  ii„  i,-iii..l  -iipplv  ■■!'  .-u'  '1  li.-  ,lilT,i  i  m  .■  iii  I,  mp.  li.lui.- 
iii-l«,,-li  Ihc  inniiini:  mii-  mii.I  -nil!.' n  prn,|ili-.-  -■I  .  ..inl.u-l  l- -ii  l-  ,  .111.  .1  lin-:,-ui.-  of  lli,'  ,  .uciilii- 
XMlii,-  ill'  llir  ,:;,-,     Aii  ri-.iiliiii;-  iir,-  MUtniiiiil  m-:,II.\   .-.  in-..,.-.!  '■,  i;i\''  iIm-  "■  '  ,-;,li  n  liii-  Miiin-  "l  ili.- 


I'Mll      \ 


I^lnill,   l{,.,-,,i,l|,|i;  (I:,,  c.,!,,,,; 


"■'•     >ul..llnM,l        ,<  .M     \       ,.i  I    ."I!,.  I,.  -  .,|  h  „n    lM,,,„„ln.    |.r.  ..„f,  II. ■     .l.l.ir  ,1.1-  I. 

'''";'  ""•'■i"'» lu'Min.., ,,,,,,!, ii„, I.,   ,„.i„,«„,,„ ,i„  .'„!, ,., ,, ,.,„,:.„;,'.  .t 

ilir  I,. , Hum  ..,11 -111  III.  -  ill.  -|i„ikihu    I.I.I.. ,  1 1., II  !      .ununu  <h:  u.i- 

■Wllll    liU:ll.l     IM    ...It.  III. .11    I..    I,  li,|«  hiliil  ,„|    ,,„..,„..     .1  ,(„|;,t.|..    III.      Il.-I, „,,,.,, I     link.   • 

,.lll..|ll;ltl.    I..III.  I|..tl..|il>    l..t    III.     ^;,l,,l|,.r,.  ,1,  ■  >-.lllll,.-.|lli    I.I  l.lin.l.iliir.    :,M.|  |„.  ...|i,  1|„ 

.,,rr.,iii..i.  U..IIM  I.,    ii.a.l.   ..11  III,   ,,..„ii.|.i,.      .h.,t  «l,,t,wr  ».it,r  v,t,«,r.  ii  nm  .  .   .nt.nii,.|  mi 
th.'  i!;i-.  I..  Ii.ni.l.liiniii.  ..M.liiii,  1.,  -Liii.liii.i  .,       ■  w  |,:,ili.  iii.ir,  .i-  ili..iiuti  ,i  »,  i,    ,  ,i,  n, ,  iiv    ,„  ,i 

"Uil-.        In  '.'ll.  1     H..F.I-.    rtlill.   M  t    »,ll.  T    \:i|"-.              i     Ih     III   III.     lf:i-     ll    I  l|.     Illiir   .  .|    |1.    |....|nL'    l"   I  ll.■ 
;  ■.ul.  ill  III.  1 .  f  I"  II.  ii.,|  I.,,  |,iii|„..,   .,1  , ,1,         „„,u   ;,.  ,l,.,„u),  ,1  « ,„u,|,  „,ir..„.,i      III 

.iKir-.      lllli.^LM-l-.lll..|l.>    .li.N...    lllii.,!,-  ..1,    |I.|.,II,1JI,.(I..    lli.lt.ll,,.  I.I     III.    , I.!, 111,11,,    

'n.iil.l  111.  11 1.1  i..i.lr\  LM-  ll  Ml   I    MM. I  :iriii.  I     ,r\ 

ll  I-  III. I  II. ,-.  --,i,>  I..  ,|n  ,  III,.  I  ||„  u:,.        ,,f  ,,,..,,.1,  ,,.  ,|„   ,  ,1,., ,   ,    ,„  ,,,  .,|,H,|,  (|„  ,,, 

-.1111  .I..I.  mil.--  11  i.  ,|,  „i,.|  ih.i  ii„  .|,.i.i.„,„.,ii,,„.  -|,.,,il.|  I..   ,.„  i|„   l.,.i.,.f  ,l,v  ui.  iii»|„.  I, 
_  .  1..    111..  Hi,-  -iiiipl.    |..,--iim  1,,  1 1,.    ,11.11  ,  „iii   .Ii.,iii.|  U.  .1.,  1 I»   ,|,„.,|  I „.  ,,,,.ii,u  It.. 

-iiii|iliiiif  |iiiiii|i      ll  1-  ii,,i  11.  ,.  -.,n    1,,  ,,;,»  ,,,n  :, 11,  „,,,,„  1,1,  ,1.  \.  r  I..  111.   Iiii.,ii  ..(  Mil  u.ili 

"""■"'I  '"  "I'll -I  III' i>  ill       I  III-  11,  .>  ,-..111,,  I  till,.  I  -1  111  I, in.   I. Ill   ,  1,11. 1  ,  ,,1,  ,.|,  r,ii..ii  ml!  .|„,« 

ili.ii  111.   .11..!  ,1,11.. .1.1,,, I  l,v   .|„    |,i,  .,, 1  „  ,,,,  ,,,|..r  ,„  ,i„    ,,1  ..,|,|,K  ,-  ,,,,  .i„„|;  ,„,|,,,| 

■"    ', •'     ""•     '•'  ll    '•"     -1"  '  ll"    I I    »  .!■  I    »    ,|..,|    ,.  |,l.,.  I„    ,iU    .|,.,il,i,     t|„     .,„,  ,||,     |„    ,1   ,,|    ,,. 

iiii'l' I   II"    -' ,..ii<liiii,ii-      ll.,«.  \.  1.  It   .|i...il.|  I,.    1,  111,  „,|„  i,.|    ,1    ,|„    .,11..    ,,,,,., I,,,  ,|,|. 

-|„.|ll.|l.  ll  |...,,.l||;,l„,|..l.  111,.  I,,,,,.,. I  „,,„l,l  :,„.|  vxl.ll.  ll,.  .,...,1,.  |„..,1,,1  «  ,.,1  ,,,,„„  ,.,„  „ 
ll.  :ill\  .  I.. Ill, I.  Ill  ,1  ,,(  :,,,,  ll,.  .|„  .  ,||.  i-inili  ,,|  „.,!,  ,  V  ,|„„  ,,  ,.„:,  |,|,|„,.,|||,  ,1.  |^  ,.,„  I,  ,1,  I  I,  ,1 
"I  III  I  ..  1.  'III.  ,  III,  1,1,11.  I  I,,  ,  ,,11,  1,  I,  lluiii,  -,  ll  „,  ,-  ,11,,,  ,Mi.  ,„.  ,:,.,.  likil,!.'  .I....|,li.  Is 
■.|,>   ..,1  Ml   IIMI    I  .  iiiiil  , ,1111,..,  ,1,  ,,,1,1  .|».  ,!,,    I„   ,1  ..,,,1,  il„.  .|.,,ti,    I,,.,,  .,|:,,,|,,|,|.  ,,  I,   .,,„, 

"•'I'  -I    'III    "I     II"-    '■•'<"■    |«   1.11  111.    .    II     Hill    l„     (..,111.1    ill   ,1     I  I,.     .1,11.   I,   11..     .   ,.   1,    1111,1,    I     li \l|.  I,,. 

■,  ,,n,|lll.,l,-  :l  111.  .11111-  t,.,,l,|y  11  -llNlll  ll;i.  1I..11  ,.l   I'  ,  \.  .  -  .r.|i|,;..l  x  ,  f. .,  .,11  |„.„  i„  .,|  ,„„  ,„  , ,   .  „,    |,  ,,. 

■  ll"lllll,.|  ll.l-  1,1  ti.  ll,  nlJL'ilil,  .  ,,11, 1  11,  ,,ll  ,,1  .,,1,  ,  X|„  1,111,  1,1.  «,  I, in.  ,„  V,  1  I.,,  „  ,1,1.  ,.,  ,1,  ,,  ,  , 
'■.,ll>     :i|l|i,,  ,  I  ,1,1,'    ,|ll|,'l,  |„  ,      ,1,    III,      r,  :l,|i|,i.'-    ,,1     ll -M.IIIMI.I     W  I,,,  I,    ,  ,„||,|     I,.      ,i,,,||,|.         1,.    ill,. 

,,,!,,  I,  111, 11  ..I  ;lll   Hllll  1.  -|«  ,  1   I..  ,,,,,,-1111,   ,  .,1,1.  I,, 

III,'   -,,1,11,111,11  :,|,|,;,r,, III-  |iinil-li., I    Hilli   ll,.    .  .|,ii|ii,,.  Ill    ,.   .1.     i,-i;.  .1    I,,  ,|,  ,«    ll,,     u  ,-   -  ,1,11,'. 
It..lii  i;,i-  liiiilli-  lliiil  III.    ili„|,  I   ll,.    ,,l.||lMii\    -II,  li'.i,  I.  ,(ii,i.  .1  l,.i  ,,|,  1  ,i,i,..r   ,     ,|.  .„,:,  1- ,     |„...|,;..  I 

■III  ,.„ii-.'.  if  till-  -ii,'i «,i,  ,'M,,  i,„.ii  I,,,.. I,,  ii,,,i  I- 1.,  .,,v   ii,.„,  ir  ...  H,  .,,  V, ,., ,   >,.  „,  ,,|,| 

.  \|H  .  I  ||,;,t  |l,i-  »,„i|,|  ,|,,,l,,  ,  -liL'lil  Mill, III..,,  11,  111,  I,  ,,(,,11,.  ,.|  III,  ,i,.,,„i,,,  II,  .,„.,  ,,„  ,,  ,, 
I.  .  ll\    .,  11.  .  1    l.'M.llllir-   111.     '.fi-   ;,II,|     ,11    -I1..I1I.I    I...1I1    1..     l,,k,  II  ;ll    111,     -,,111,    |,1,  .,,11.  I|.,u.\,i       I 

■  I.II.  I    ...ll-lil.  l,,ll.,ll    Hill    li,,,k.     ll    ,1,    ,1     ,I,,,I    .,    -,,,,li    ,    ,1,,,,..,,    I,.., ll.l    i|,,l    i,,,k..     ,n     .,,,|„,  ,  ,  ,1,1, 

■  ,1,11,    I,,,,,      111    111,'   11,',   ,11a.    \     ,,|'    ll„      |,|,|,;,|     ,,„. 

"    \ll.\     nil-    ihill     i-     III     I.,    -,l|,|.l,\     I,    H,-    ,    Ml'lll.      ,     ,11     I..      II-,   ,1     l|,|,,.lj||     ih,      ;,|,,,,,|    ,11,-     „|ll,.„|l     I,,,  III.    I 

|,iinll.':ill..ll,  I'll,'  L!;i-  |>iilii|,  ,.  -i||,|ili,  ,1  «il|,  ,,„il,,i,i,.„.  |„l.,,.  ,,ii„i  „|,|,  I,  !„..,.  .  ,.  ||„  ,s,.||,,„j, 
|,;irt-  (r,,i,i  ;iii>  •  -|k  , ml  11,1.  1 1,  i.  ii. ,,  ir..iii  i  li.'  -imhl  I  ir  v  ,i|i  ,r  1 1,  ,i  i-  p..  ..  ,,i  11,  l'  ,-  li.  .1,1  l.ii.ii,,,,,..,,. 

■  '"'ll  "-  II    i Illi:,lll>    -,l|i|,|i.  .1   l.ill  i:,l-i  IlL'll,,    :,|1.   1    111.  .1.11,,.    ,1    -   nil  ll.l  ML',        111  ;i  1,1    ,   1,  1,1,     i||   l|i  ,1 

■«i„il,|  I..'  i,,|,ii,,',|  «.„i|,l  1„.  1,11  ,,.,,. ;i|  ,  !i;,„,,i,;  ,,1  III,    L-,  ■  |.,ii,i|,,  «l,i.  ll    -  ,1  ...nil.  ir,,i,v.  U 

-,lll|lli' .i|„  ,;lll,,l,. 

■■11,,'  ,'-l;il,li-lii'.|    l;il„,   l„  1«,'.  1,  i::,-     ,„.|    ;,,,    ,„    ,1,1     1,1-1111  1    ,,,  .",,        I  III.   ,,n,  ,    ,,    ,,,,  ,1 

■m. 1,11111'   ,,f   |,1.„|,1,  1.   ..f   I  ,.||,l>ll-l,..|,   .,(   ,;il   1,,    1.    ;,-   .',.|,i|,:,l.  ,|    ,M1,  u,.   -i||,|,||,  ,|    ivl,|,   I,    .,|.|,1,,m- 

iii:,i,  -  \,  i'>  ,  l,,-,'l\  1,,  :,  11-.'  Ill  III.'  I,  ni|>.  I  iiin..  Ml  i|„.  |ii.,.|u.  1-  .,1  ,,,iiil.ii-ii,,ii  ,,(  I  ll.  i-i, ..  , ,  i,i|. 
L'l;i.|,'  I..I  .  ;i.  ll  li.  r.l  .  p.  1  .  iil.i.  I....I  ..I  -I  111.1,1,1  ^,,.,  I  ll,  I  in;,  :,,r  .  \.  .  ",  I..,;,  ll„  r  Hill,  'I,.  1  ,.  1 
111,, I  111,  -|,.  .  ill.'  I, ..,11  .,1  i„.  Ills  .,11  ,,1  i|„  |,i,„|,i,  ,.  ,,1  ,.,i,,l,ii.i„,M  ii,,,,,  ,|„.  l„in,iTiu  ..I  111.  -,i,  ,11 
.|i|:ll,llH  .,1  L',,-:,!,'  ll,.'  -;,ll,,.  :,-  l|l:,l  ,,(  ii|,,  1,  II,  1,  |.  ill,.  ||,.I  nnni  ,,i  |,|  ,i,  i  i.-.lh  I  In  liiilli.  f  1 ,  ,lii  \  iii ,  ,. 
I|,,l,   III   l.'il.illlL'-  ilui'   I..  V.',llMli..l,   11,   III,     ,,..|,l.i|   ,.,,l|>p,,-,l|'.l|  ,,|   ill,.  L'l,-         I  1(  ,  ,,111  -.   ,   ll,.  I,.   I-   ,,   -111;!,! 

.  ii.,i.  1,111  ,1  111,   , 'Ml  I  nil.  ,,11,.  I  HI.. II-  il,,,i    ;,!..   Ilk,  l.\    I,,   I,.'   1,1,  I    »,il,  ,1,  :,i,.\  -,111  pi,    ,.i    pi,. .Ill,,  r 

■lM-  lli.ll  i-  rapiilili'  111  I,  ,11, 1  „l- 11.  ,11  1„  ,,.-,1111.  ,|,  ,111.1  ;i  I  "ll.  Ill  ,1|,,11  liri.l.'  ,,f  ihi'  „li,.„llil  1,1  \  ,ii,,l,..,i 
■lliiil   «.ill|.|  1-,  -nil  111, 1,1  ill.    ,  Ml,  111,.  .  I,,,,ii;,.  ill  ,,. Ill  p.  .-1 1 1,, II  1,1  1 1.,  „.,  i.  Ill,  lit,.  It  mil  I  „    -.,,,,  |„m 

■■|l,'l!lil.'ll,l.'  till-  f:i, ■  i-.        rill    liiiL'.    .  \,  ,  --  ,,l  ;,ir  111,"  I,  ,11-1111  .  !l,,,l   I,, I     ill  pli,.  ii.-mI  |„i, 1 1,. 

■■-p.'illi.'  Ili'iil  .,1  ill,    ,li-,'li:,i'iiiiii.    1 1,1,1,  ,,f  ,.,.ii,l,i|.t„,ii  H.ll  I.,    tliil  ,.|  all-  I-  i',.li,.,|  ii|„,i,  t.,  i,.,p„  ,. 

■■ill,'   li  ll,il|l,\     t'l  ,   IT   .1    ill   till-  ,1,1,  ,1  ,,,1;, 

■Till-  lIli'llIK,,  ,,1|pl.'  lii.'Mlli,l„',|  ,il„,\..  1-  11.. I  -111.  ih  -p,  ,k,l,l.'  .,  ll„  11,,.,,  '„ipl.  ,1,  ll,,  ,1.  ,'111,  ,1 
■■-.  II-,'  ,,f  ll,i-  l.'l'lll.  1,111  l.'illi,  I'll  111,  ,  l,'ii,,,.;,|  ,',„ipl,.  ,  .11-1-11111.'  .. I  :.  -I.  ,  I  ml"  ..  \p.,-..  I  ..11  111,  ..1,1-1,1.. 
"I.,  Ill,'  .',liiii„i,lii  11,'  :,ii'  1111,1  ,,11  ll„.  i  1,-1,1, .  t,,  ll„  -iippU  ,,f.,lii,..-pl„  i„  ,1,1  .1.  In,  I., I  I. X  1 1,.  ,,,iiip- 
■'lllll.'  imilip      hIu.'Ii  1  ,,11-111111,-  111..  /,., Ill  I,,.,'., I  ll,,'  pilii  ,1,111  ,|,.,.|  lap,..  ul,i,  h  1-  ,  s I 

■I  111.. null,, 111  it-  liiicili  I,,  ili,.,,iiiu,,iiin  pi,   1.1,  1,,, I  , ■,,11,1,11-1  ul 1,  iii;;li.  ,i-,'..i,,p;,i,,l  u,il, 

111,'  1,  Ill/ill  ,,l  1 1,,'  z,.n,  III, 111  I,,. I  ,,(  ll„.  p.,  •  ,k.  H  „-  a  I,,.  ,-11,.  ,     ll,,   I.  iiipi  1  ,iiir.'..l  ill.  ..,iii!.,iHL' 

LM-.      'Ill,     pall-   laki'll   t,,il.  III.  r  ,  ,,li-r  ,     .1.    ,11-  I,, I'   ,■    ll,  .,      ,,_'  l!,..  .lilt'.  1 Ill   I,  lii|»  I  aliir,. 

■lii'lH,  ,  11  till'  iii-K,  ,11111  allii,,-pl„'li,'  air  ai.,1  ll"    ,  „ili.',„i,i:  '  '.  ,-  ,,f  .  ..iiil.ii-l  i,.ii.       ||,|,  ,|i|T,  r,  i,, , 

■ill  lillL'tli  1-  I'.'iii'i,..!  I  hi',, null  a  -in, pi,    iiinllipl\  ini;  ir,  al  a,  .  ,11,'  ,  an  imi^  ll,,    n  ,,,r,lii,tr  |«  „ 

rill'  lap,'  \\l,i,'l,  ,',in-lil,il,  -  ill,'  1,1,1  11, .nil,,  r  ..I  il..'  ,,,„|,i.  ,,  ii,a,|,  ,|iiii.  il.in  ,..  a-  i.,  m  ak,'  ii 
■■l,'-|„,n.|  v.'lv  pi,  .111  pi  ly  1,,  all.\  1  lialiu','  ll,  1,  'i,!,,  I'al  ill .  .  I  l,,l-  l,,a  LltiL'  1  li,  .'ipp.'i  r  ,i  ,|,  li  i^'hl  \-  -.  n-il  n  , 
■■|,,  \  aliali',11  ill  vra-  ,|ii.',lil  \  . 

■■Til,'  InalilU'l'  in  uliii'ii  llil-  iii-lniin,  i,I  i;i\,  -  ,,,11.  .  I  1.  a, I, lit:,    1-  ,|nil,     ,,l.\  |,,n-        11,.' ,  ,  - 

■■lii.ll-  nl,'   111  i',,llll),  ll-ali'  ||,|'  III,.  ,  halll!.'  in  In  alum  \alll,    ,.f  ll,,.  L'a-.  .Ill,'   1,,  \, ,1111111  111.'    \  alialn.li- 

■iinlu.ail  l,.\  ,liani;,' ,,( t,'ii,p,  rainr,  an,  I  pn— iir.-.  It  i- |i.ri,  ,1  l.s  .  l.ar  1  l,ai  h  I,.  11  ;  I,,-  laai  al,-,.i'li,i,i; 
"iMi'.liuili  i-an,  la.-li,'  ca.-.  ami  ul„  n  lln-  i-  liainlli'il  llimnKl,  ll„  -alnplini!  pniiip  uinl,  r  tli,-  -am,'.  ..ii- 
'  ,lili,,n-i,f  pn'--ui,'  an,l  lilniMlalnli' a- ail  ll,al  anv  ,',,li,lil  i.,l,  .111',',  I , in:  ill.'  .-.il,,!,!!,'  nil.  11-1 IV  1,1  ill. 
■l,'a-  liii'lili',!  Miinlil  alTi'i't  llii'  Innl  al,-i,l  l,illu'  inpiniiv  "f  air  in  .'\a,  lU  lli,  -at,,,  liiann,  r.'  I  Im-. 
nn.l.r  liiL'li  liininralnr,'  ,  ,,ii,lili,,ii-,  ll,,,  L'a-  m.iil.l  !,■'  .  \paii.|,il  ami  w,,iil,l  l,av.    i.,u,  r  .  ,|,,rili, 

■vain,'  p,  r  unit  Miliiiiii'.  I,ul    llif  air  -uppli.  .1  w..nl.l  b.'  nii.lir  tl„'  -1 n,lili..n-  ami  h,  .iil.l  I.,' ,  \- 

'pan,l,',l  !ik,'Hi-,'  »illi  a  ,  .,rr,'-p.,n,|ini'  1..--  .,1'  I,,  at  al,-i.rl.int'  .apa.'ity.  ( ■..i,-,.,|n,.|il  l\  .  a  ,1,'liiiit,' 
'vi.lniiii  irii'  ratio  l„'ii,n,'-lal.li-l„'ilalul  lli,'  iii-lriliin'iil  In  iiiL' ■  alilirat.il  nmhr  -t  111,  Ian!  ..  .n.lili,,!,-. 
"" ::,'-■':•'::-   s^  IIa:('^■(■r  \M;t;;(i  r.,   r.  fjiiir,  .i.  :. .r  ,:,  \":..ri.i::  ;:;  pr,  --ui.   ..;  :.,..,,.,.,:,.,.    ,1,;;,  ,,  ,,,.. 


1 


'';'';', ' !  '   ''"■'  '^""^  " ' * n..-i,,,. I....,  i.n„ „„.  .„.„.„- 

U,,u,h    ,.„i.    .;,„l,.  .        I...  .v,„„|,i.       ,,l,„,i„    ,„  ,,|.,.H.|.    (,..M,    -,:,  I.  v.l  ...r.lO.r.,.  » |>,.   ,„ 

.  "■■"Ml..    .M.,...|u.,,lf,.,„.   . ,„.,;!,„,,,.„„-  ;....!  ,,a.lh„l.,^    f„„„,„.    ,,„..,..„.  Il,„     V.,',., 

'I  III  •'IK  "I"    ril  ."I  'nil,  .In   I,,.  In    «:, 1,1,1  I,.   .  Mill,  h   lual.ml.l, 


1'lir    ill-lnilll.  lit     ,1-     ii.iu    liiillf    I-  ill  -mm  .1   III  .,|M  .:il,    nil   u:i-   ilj.   '..  .'IIH 
j|.'r  r.  |»|-  riililr  liiiil,        II, I-   u    ,,,|,|  1,1,  |,|,|,    |.|;|.|   In, ,,,,,.,     ,,,,!  I i,|,  ,  ,   J",. 

Till'  \n\\n  liiiin  I-  ..nil.  ulii  II   III  ii,,   ii.iiiiii I I  ,,,  ,,ii  |.   I    I     |„  I  ,  ,||,|, 

fiMiI.  'I'll,-  r:inl-  Mil-  .■•ililn.ih  ,|  ,|,,uii  I.I  I  t,  .111,1  I,  iiIihl:-  ,,  .  -li.,uii  .1-  I, ,1,1; 
;i»  llif  ih»iniiii.  Ill  .nn  |..    k.  pi  liulii.,| 

TIm'  -:im|i|lliu   |ii||ii|i  :iii.|   I  :ii.iiiiii,  I,  I    w  •  • .     -,  1    ,||i   m    i(„     ,  ,,^11,     ,,„,,,, 

••I I"  llir  .llUlli''.       All,, III   Ml.  I   ..I     ;  ■■    pill,    iiiM    III  ■  HI.  llMiii  III,    ,  |,m,„ 

K.I-  i-,T,'i\.-r  1,1  ill,-  ..■iiiipliiii;  piiinp:  ;,||,|  |t„iiii  1,  1,,  1  ,,1  ;■  |,||„  ,,||.|  (j  1,  ,., 
,||  '. "  pipf  ,':iir\  till-  u;i.  .'Ill,  I  .-iir.  n-p,',  ii\,|\  u,,!,,  ih,  jiiiin,,  1.,  i|,,  ,  ,|n|i. 
Ill,  l,r. 

^"    •'-'-     li;i\.'.    :i-    ,\.l       iil.ll     |||;|,|.      I.,    -I;|||,|.||,||/,-    till-    ,;i|,,|i|,|,   I,   ,     I,, 

lin-;ili-  iilthc  ,lillik,.|'.  ,.i    |{,i\.'  niiiii  im.  I,  I-      l,i|i   ,■ |.:ii  i-nn  ,i|   i),.    i,;,,|. 

llll£«  i.f  ill,'  ill-lnillinil  Willi  III,-  i-,il,i|i(|i-  \:ili|i-  III  III,  li.l-  ,  ;i|ri|l  ill  ,|  I1..111 
lli<-  ;in;il>-c>  ,>!  -.•iiiipli-  l.-ikni  ;il  ,|,tiiiil,-  iiin,-.  ~\„n\  ihr  1 1..  I,  ,1  m,  1  ,1,. 
aliii,i-l  iiiviiriiilily  Ihf  limli.r.  Th.-  ,|il|i  i.-m-.-  ii-ii.-,|K  i^m  |,,,|,|  ,-,  1,,  n, 
II.  i'.r.  p.T  i-liliii-  lo.il.  'I'll,-  ,1,1,-1  \:,ii|,  ,,|  ill,-  Ill-It- 1 1  III!  Ill  i,,|-  1 1,,  |,i|||i,,.,. 
Ill  tlir  ilivi-lii£;tll.ili-  llni-  l.-ir  i-.-iiin  ,|  ,1111,  |;,\  m  il,,-  |,|.,||||,|  in.h,  .,1 1,,,,  ,1 
Ka\r  111  ill..  i-t1'.'i-l  .it  ;iri\  .-Ikiiihi-  111.11  |i-  in  !  |,i-  uor!  ■-.-;  ,,\  il,,.  |i|-,„|i|,-,-|-  ii|i, ,1, 
till-  ."iLirifi.-  \.-iliii-  111'  ilir  k;i-:    ,-iii,!  ih,-  |.  ,-,,|,i  .|  i|„,  imiiui  nm  .    ,,,. 

ulli,  i'\\i«..  dl'  III,-  u.-i-  wliil-l  llii-  , Iiii.iii-  1,1  .,-11111  , 1    iiii.-liii,,^,  ,| 

'I'll.-  IrciiUflil  rlii'.kiliic.ir  ill.-  iii-liuiiii-iil  li\   fi,  ■  .-  Ill  u.-i-  -:iiii|i|,.. 

-Ii.iu,-,|  tli.-ii  il- r.-Nii  i\i- ii-.-ii|iiiu- \M-i,   -ii  li-.-i,'  1^  ,,,|-|,-,-i        I'll,. 

.■ili-,ilillc  v;ili|i--  »,-!■, -,  Inr  ill.    |iiiipii-.-  Ill   \ii-u,  -  ;.-  inip.n  1.111,-1  . 

'I'lif  -pt'iiiiH'ti  r.-.-iinJ  -Imuii     In;.   |.'>m\,..-  iiiim  ,,1  1  h,    ..-n-i- 

liiiilN   of  liic  iii-iniiiiiiii. 


t>i!.'^i:i;\  \Tin\>  WD  K'l-ri  I; 


i',iU  IK. 


'I'll,'    I  link.-    lllll-l--piiU.-r   III'   I  hi-  l-ll^ilH-    \\.-|-   I  :iil-||l.ll«-,i,    ;l-    III    til.     p|.-\  |,,l|« 

1,-1-,  Iriim  llic  i)li-rr\  aliuii-  "I  tin-  \  ,i|tiii.-t.-i-  ,-iii,|  .-1111111.-1,1-  nn  tin-  -\mii|,- 

li.i.-ir.l  ali.l  ill.'  .jyiiaiiiii  .'Hii'i.lirN'  .'it   ll ilpiil  nlil  .lim-.l. 

I'm-  lli;il  N...  L'l.  .-I  lull  -It  III'  iiiijir.'itiii'  i',-i|-il-  \v,-i-  .ak.ii:  lull  l,.|  I  li.- 
ri  iiiaiii.l.-r  ..f  lin  iiiiil-  .'in  iM'r.-i-i.mal  ..'iiii  u.i-  i.ik.-n  in  nnii-i-  n,  l.r  n  ii.-mi 
lli.-it  till'  liiiiiiij,-  III'  ilii-  inniliuii  u.-i-  i-iiriiri,  ;iii,|  ili.ii  ill,'  \:ii\,-  ,ipii;ii,-,| 
p|-,ip,'rl\  .       l-'iy;.   Ifi -li,iu- :>  ,lia>£ialii-  laki'li  whili' niniiliin  at  liilhiint  Imr-,- 

pilWi'l'-. 


i'l Ml^l.K  \  I  I  lii:   ,i|     i  III    (  i  \- 


i'.ir  lii.-il-  !".•  an, I  I'd.  ili,-  ti-inpir.'il  iin-  nl'  ih,  k.-i-  u,-i-  lak.  11  .-il  Nn.  I 
iitttaki'  i|i(l.  l.p.-itii-ll.i  Ihi-  li'iiip.-i'.'it  nn  \\a-  r.  rnnli-,!  h\  ni.-.in-  nl  :i 
.'^laii>li('i(l  clt'.'trical  pyr.iiiii'i.'i'.      j-'or  iri.'il   Nn.  21  tlii-  p\  iniiiri.  r  «a-  n-- 


r^J-  \A^;?Ssti^z 


'"^WW^  'JPr  .? 


-i"»*^_ 


"x?     H 


■W 


it-ii ' 


/y7£r.P     S3  /    L6s.   Sq    In     R R  M.  199 


Scale.   I"  =  120  Lbi 


I  HP  19  2 


Sq  In 


f^EP     4rS3    Lbs    Sq   In     RRM.  193    IHP 


Scale.   1=  s^o  L6s 


SIS 


Sq  In. 


M £P    62  Lbs    Sq 


In     RPM    191      IHP    es 


Scale.    /"=  240  Lis. 


I  !'•     Iii      In. h.  111,.,  ,|i 


^1 


i-'r.iiii-  lak.ri  ti,,r,,   K, 


i 


3 


'Miim  (i.i-   l.iuir 


I'l'i'''''   ''.\    ■'    I'-ii-ImI    I.  ci.riliiii;   |i\i..iii.hr     :iiii|   ;.,|    Mh     -,  i  i,  ,  ,,!    im.,|-    \i.- 
•_'Slo:;(>iii(lii-i\.  ,  :i    ri.uiiiu  |.\i,.iii(  1,  r      ui,i,  I,  I, run  I,,  I  III,,.,   1.  11, 1  „r.,  Ill,,- 

"■'-    "-'''■       '   'I"'  111''  '    ll'l  N".    '■'■         \V.I-    I'i.'lr,   ,1    11,    ll,,.  n;,.  ,,rn:,L,     Ml    ill,      ll|,|„-| 

'"I"'-   ■iii'l    III''   "lli'i    '■'"       N'-.    I    ;in.|   .;       Ill    |li.    o;,-   ,.lii:,i,,.,   |,,|    ||,,     li,,,,! 
il.'i-    i.niM'    Inun     /nil,   .  Sr,      ||^-\, ,.•_>,,.,,,, I      I.    |,m.-'.t      III.    :ni,|      II. 

I'm.   l7-li(i\\-:i   ,-li.iil    l.ik,  II   ||,,i,,  Mr    r,!i-^l,,|   |,,  ,.i.|ii|,;  |.\  r.,|ii,i,.|. 


I'lil    I-  \l,'  \  I  luN     ,  ,1       Mil       I'llMDI   , 


II.'     I'l    I  'Mil       III.,, I  \  \  l\,,      \      I   1,1  \  I. 


"II   ll"'  'l:i.\    "i'  III.     i,-M.   Ilic  |ir,H|i|,.,.r      „|,|,.li   In, I   I,,.,. I   |,;,,ik,.,|   )■.,    ll,.. 
lil-li'       u.-i-  lir-l   .>lH'iM'il  i:|i  !,,  I  „  ■111,11    ih,-  1 1 IV-  I,,  Kiiiilii,  II   III,,],  ,■  ill,.  :M.ti,.|i 

"I   ll"'  li:i':il'il-'ll'.'i!l         Th,'  i;:i-  ,  \li:,ii-l,r  u,i^   ;|,,.,i   -I :,  |i ,  ,  |  ;,  ,|,  |  K,  ,,|    m ,,_. 

Illllll    111''    li.'i-    \\-i~    "I    'i"",l    ,|ll;iill\        .,-    li,.|l,  :ii,.,|    I,.,     :i    |,||,,|     ij..,,,,',.     |,|,|     il,,- 
i,>,-,,ri|ii,i.    (•:il,iniii,|i'i .      Tfi,.  ,  ||M|||,.   ^^.|^    ||,,.||    _|;,|.|,.,| 


l„..    i;.      .•■:i,,i|,l|.  ,,  .■Mil  (,,.!, I   Hii-i..!   ,1  .■..i-.liiiL'  i.\  liii,,.  I.  T- 


'I'lir  |)riiiiur<T  u:i-  ili^.im^,  I  nml  ■,||  :,-h  riiii,i\  r,|  :,l  ihr  li,^iiii,i,iim  ,■,!,, I 
■i«.:iin  .'ll  llif  ciiil  111  llir  ii^-i.  ili,^  I'm!  Ih.iipii-  lnjnii  lillnl  .it  I  lir  -iiiir  iiiin'. 
Ill  iil'ilir  III  in;,  I II  I. ■Ill,  t  hi^  liicl  ,^,ii,ti^ii|..  Ill  I  |,r  licj;iiiiiiiijj  Jlnl  ,|,i|  i,|  I  !,,■  I  il.il~ 
:i>  Mi'iiriv   I, like-  i,~  |iii^~ili|i^. 


»M...L;;;;;i:,:^;;.^:::j!4;;;„;;;T;r,;;--;:i;:,;: '-" ■• '• 

III  MIDII  1  . 

:ioin!h::::rt;;r;;,.;i!;:'''~'' '''•■■■ >  ""-..>■.•  .m,.,.  „„„:„.;.,,•..  a,,,, 

Ki:-ri.is   Dki.i  ,  K,,   |.|«.\i    Ft  ki.  and  Cas  Anai.vsks. 

.     l;"r  tii.-ils  20   21,  ,.,,1(1  21     for  wlm-l,  ,•„,„, .iMr  ^r,,.  ,.,m;,Ivm.~  wnv  JrKr 
"'"mmI      son...  a,l,lltlnMal   .■alculati„us   „,t,.   uvulv  ' 

mm  th.  jra>  analyH..  ,1,,.  „,.Mn,|,  ,,f  niln.^n,  ,.,.,•  p,,,,,,,!  nf  .arl,,,,,  :„v 
•  '  lj'l"l-  It  i>  a^su„M.,i  liat  ll,i>  „,tn,fr..|i  is  „l.iaiiir,l  m,I,.1v  In,,,,  I  lie 
'  ■•  ^^l-"'- w<Mnay  o  ,,a,,,  ,  ,..  ,.o,,,,ls  .,f  ai,.  ,,,,.  p.H,,,d  .,!■  ..,,.|,„,i  i,    H," 

.•m.l  .lust  w,t  ,  tl„.  KMs    tl„.  |.u,„„|s  „|  ,-a,i,„„  i„  ,|„.  j.,,  ,„.     '  ,  ,„    '  /  ,  ,: 


■       ,1  ,1  ■  l""""''~  "'  '■■"■''•III  ill  the  lias  |)(.|-  |„,|,,,,l  ,,)■    I,.,. 


tCllllllll 

Tl 
uitii  III 


I.'  wat.T  M,|.pli,.,|  ,„,■  |,„u.„l  .,f  p,.ai   i>,rl,„i,.s,|„.  ,n„iMun.  lak, 


I,  111 


I'liDDI  I  i:i(     |.:i.|.|,  |1.;m  V. 

This  is  tak.ii  a-  ijii'  latin  (if  ih, 


;;";,::::i':r;:';:;;'" ■-■!:;:*  ;;i;!:';,:';l:r,;;;;^Lsr;:i 

IfKM  I.TS    ,)]■    Till.:    'I'kvis. 

TIh'  ivsults  ,„■  thr  t(-ts  an.  s,.,   foith  in  tlir  r,,||,,\viiii.-  rlr.rlv  an,!  s,„„ 
'".■M-lrs,  an.!  in  tiir  r,„„p|,.|,.  ,,..,   i„j,s  pl.„.,.,|  j,,  ,!„.  an..  ,  Wiv         111  , 

l""^"i".is  U,r  il„.  ..„i,.,ru..|i.,„  on,,!.  .Iians  |1  ;'  :^,,rin^  im,r;t 
su,nii,a,„.s  w.av  ,„a,l,.  I,y  ,|ol,„  HH.anl,  li.S...  Th.  i  "^v'  s  ,  1 
ai..lys,.s  ol  .a,npl..s  ol  p.al  w,.n.  ,„a.|..  l,y  i:,!^,,.  Slans(l,.i:i!  M^!!:  ""' 

Trial    .'(I,    S,  pt,  mil,  r    lit,    I'.lll. 

^^__^_Tln>  trial      Xo.  2.1     was  ,|„.  ,i,-s.   ma,|,.  af,,.,-  ,  !„■  na-o.iM  ni.-.io,,  of ,  1„. 

th.  ■ililTatloM  "m'^"''^  '"'•"",  "!''"'"'"'■  ^'■""  "•"■  '"■  '!"■!■■  "M-i-t^  to  ,.an-v  o„, 

-'-■■!t::.^:'7;;s'^;:i;:!;:-;:.;":;/-l;;.-^^^^ 


70 

tli-u,-Hl^oltlirrvl,,,,l,.r,.,.MiMnMlHp,M, .,,,..,,,.,,,,, I,,,  ^v:,.l,„„Hln,.,-,..,,v 
lo  ua-li  tji,.  , ■vim, In-  will,  :,  iniMiin'  ,,|  uil-,,-,,,  .uhI  u;,i,  r  ,,t  -  I :,  ,,  i„     -.imI 

■"^■""■"  '•-"I'-'li-  l-"l-;.  -iM,il;,ilv:,.,,n  1  l-r  ,  ,  l,,„|,  i  u :,-  u.ll  ,.,|,,|  .,,Ml() 
U.lll. 

Al  iImmi„|  ,,r  tl,,.  ln;,|  ,|„.  v:,lv,  -  u,  ,,■  rx;,iniiM,i  .n.,!  I,.u,„i  ,,,  |„,  |,i,|v 

'■''■•"I-        l<''l">''   I''|'I.'H-||1H,   llirv   uric   lliulMliuIlK    r|,|||,.,l 

TI,ran-,-M.lil,..,.,ir.,,,„.„i„c.„MlMl,,u,,/ ■,n  u,\  ,,,  ,„  1 1„.  mi, ,.„v 

111  I  iii^  I  n.'il. 

Dui-infl  the  Clllilr  lri,-,l.  tl,,-  U;,~||  |n„n  ihr  rnkr  ..TUl.l,..,-  ,r,n;,ilMMl 
'■oh-picii,,ii-ly  el, ■,■,„.  I,  v,-,~  ,liM.,VMV,i  l:M.r.  hnu.v.r  ,|,;,,  ■,  ,., ,„m, Irr, i ,|,. 
;ii>iount    nt    tllr   -nll,l    ,,,..,11,  r   r.-,,,!,.!    |,v    ,|„-   u,.   ,u„l    ~,.|,..,,,,I,.,|    nut    l,v'll„ 

M.'v,'  „,  t  .  -vnil,!,,.,-  u;,~  ,|,.|,.,.,i,.|  l.,-,u,.,,,  ,l„.  ,vlii„ln,.:,|  h,v,.  :,„;|  iIh- 
.■i,c!,.Hnu-  >i,-ll  ..t  ll„.  M-,„l,l„i-.      A|,:,r,   ii,„„  ,|„.  ,|,.|„„„   ,,,   ,.,■  ,„  ,|„,  ,.,1- 

lll''''r  "I  IIm-  ,I,K1,I,'  \vI,,,-||  ,„.,oil:,l,.l  ,1,,.  u:i~!li,|n  ,,|'  tl„.  rvlll,.|,T  V,,,! 
I','-'""  ""■  "l"l.-i'l"n  u:i>  ,,,ii,,.  ~:,li--l;i,I,.,v.  T|„.  ,vmi1n  .,|  ihi-  ir-,  ■,,-,. 
-ll,'Uli  H,;i|,lil,-:il|y  i>„  CI,.-,,!    \,,.  ti.  :iii,|  j,,  ,|„.  M:ii,iiij|y   X,,.  .'0. 

Tiiill    //,    Si /ill  mill  I     ,'ll,    iinil    ,'/, 
Thi-   l,i;il   W.'l-   l-lii,   ,|„,|r,-  |,ic,,M.|y   ~il„,l,-i,-  ,u,„|i,i,„|.   I,,   Ihr   pnr,.,li,i..- 

n;i;il.  hm  w,.-  ,,,  iu,r,.  ,:,..  ,|, „.,•,,„,„.  |i  „,||  I,,.  ,„„i,.,..|  i,-,,,,,  -u,„„,.-,,v 
•N". -1  mikK  hail  N,,.  7.  Ihal  ll„,v  u:,-  |„,-m1  h:,||  v  ,in  rh.mii,- ,„  l  !„■  n-,il,:  • 
111,'  '•(■oli,>ii,i,'  lidiiic,  ,,l,l:iii,,  ,1  III  l„,t|,  ,|i,.,U  |„.i|,„  ..,!,,„,.,  i,|,.,ii,,.al. 

II,,'   t,-,;,l    l,-iM,vi   l> 111.10  .-I.,,!.   S(|,l,i,,l„r  I'D.    ,1,1, ,1   ,i  III  ;,  ,11     .<,,,,. 

iiii,li,r  21 , 

-\~  i„  the  p,vvi,.,l-  t,-ial.  tl-,.lll.|,.  U:,-  iA|„ri,n,r.|  will,  l.,]-  j,,  ihr  cvlilKlir 
Ulllrl,   (Mll-,.1   tl„.   pi,.,,,„   t,.|;,,|||„|.        •I",.)-,,,,,,^    ll„.,i,p,,-,l     ,,,    111,.  ,vl, ,„!,■,• 

w:i-lii„!r  Will,  ,,,l-.-,i:,|,  .-i,,,!  u:,!,,-  wa-  ivm,,.!,.,]  ,,,  .-,,  Ki.i:,  ,.,.„,  .  ,1  |n  ,,  „,  . 
HI.Hd  p. I,,.,  ;,ll,l  .").(»(»  ;,.!,, 

''"'"■  valvi-  u,.,.,.  |.,.„,.,v,.,l  a;  Ih,.  i.|„l  ,,i  ,1„.  Hi:, I.  ,.,,|,|  „.,■,.  I,,,,,,,] 
",'    '"■    '■"V|.,',.,l    will,    a    tl,i,,,    l..,,,.\.    ,l,.p,,o,,    whirl,.    i,nw,.\,.|-,    (|i,l    |,,>,    r..,,iM. 

t  hi'iii  t,i  >ti,'k  ,l,i,-i,,u'  1 1,|.  I  III,. 

Sec  Mill, i,,aiy  Xo.  •_'!.  an, I  (  ■h,.,rl  X,i.  7. 

Trial  .V,,.    .';,  ih-tnln  f  :,. 

'V\\\-  trial  wa-  run  at  ■  l,,.,,!,  ,ir  Id  II. I'.,  with  ll„.  pr:,t  in.inul.-ut  ur,,! 
at  tl„'  iMifj  ,,t  tl,i.  Iii,|,i-.trial  i',  ,.,1  C.niip.aiiy,  l.i,,,ii,,|.  |.,.,rnhai,i.  ^^iir.  T,,, 
tuns  „f  tl,i,<  peat  wciv  -l,ipp,.,|  hy  ihal  Cunpai.y  ,,,  il„.  Imi,!  ■r,.Miim.  I'lanI 
liir  thr  p,ir|),i--c  i,f  ii,vr-li<>,-ili,,y,-  it-  li,!,:,  viciir  in  a  ua-  p,-,Mliii.,.r. 

Th,.  p,':it  -I'lil  t(i  (  )ttawa  !■.,  ,hi-  ( ',ii,,p,.,n\-  t,,  i.r  t,-t,i|  in  ll,,.  pr,,,!,,,',  r 
was  of  fxccllciil  (pialily.  am!  ll,,.  !,,.,i-Hir,.  rdui,.,,!  ■>'  s  p,.r  i,,,,  w:,- 
within  the  limits  pr,.s,.rili,.,l  l.\   ;!,,.  mak,r-. 

Thi-  p,'al  wa-  m;,l,ufa,-t,l|-,.,|  l,y  a  l,iai.|iint  uhiil,  1 1,,.  (■,in,p:,l,v  u,.,- 
,'\|)<.rim(.i,tii,<i'  will,  in  imh.r  t,,  t,.-i  tl,,.  ilural.iliiy  ,,|  .■,  ,,iwl\  ,|,.mu,i,.,| 
ni,',.h,.|,,ii\,l  r\(.a\al,,r.  Tl,,.  ii,arl,i,i,.  wa>  ,,p,rat,.(l  ,in  a  pari  u\  ll,,"l>,i}; 
ui„l,.rlaii,  li\'  ..,  ri,lni.  (if  parti,, ll\  (l,.r,iii,pi.M.,l  ,..i,.k,  ,...ir,'\  ii,y:  i,-,,,,.  'I'l,,- 
r<','k,  whi,-!,  was  rasily  iimk,.,,,  pa-,., I  ll,,',,uj;l,  tl,,.  m,.,-!,  rali,ii;-  ,,r  p,,lp 
mill    ail, I    , III, .re, I    inin    tl,,.    ,.,iiiip,i-it  i,iii    ,,f    ih,.    fini-h,',|     p,.,!. 

\\  1,,.,,  Iiurn,',]  ii,  th,.  pr,iilur,.r.  I  h,'  fi'mi^iimu- r,ii.k  mat,  rial  ,.,i,,I..,i,,,.,l 
111  tl,,.  p,.al  l,irm,.,l  ha, I  ,.lii,k,.r-  wl,,.n,.\,.r  ih,.  ii,i,.ni,.,l  ti.r,ipi.raliir,.- 
hci'aii,,'  very  liifih.  Sin,','  in,  arran};,.m,'i,l  ,.\i-l,.il  fur  int  |.,',lui.iiii;  -li.,.,ii, 
hitii  ihc  li)wcr  /.(iiir.  till'  I'linki'rs  ciuhl  i,,it  he  mail,'  >utlii.i,.!,i  ly  -nf;  t,, 
lacilitalc  their  rcm,i\al  iliiriii^  ,ip('rati,iii:  i-iiiix'qui'iitly,  durinti  a  p,.,,a  ,if 
•iii'  tna  th,'  •.ijii-iaiiiin  [if  !h,.  |iriiii;ic(  r  wa-  ri,iT  a.-  uiiifniii,  a.-  ,,HiJ,j  h.- 
tlcsircd. 

The  tri;il  was  (.|)mm<'n,','(l  al  !t.:i(l  a.m.  :,i,(l  ciiiipl,,,',!  at  7.:>ll  p.m. 


i 


m 


;;;  t:;:::z:!;7:.;:;r;;;;:;l-"  '■  r^-"  '■"''-  ■"!-'■ -'-""™"" 
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7',/'//   .\o.  .-'.s. 


I'or   llli>    lll;i 


Mil      KM    i>    thr    litM    cil    ;|    scrio    ci|    iniic   cirri,.,  I    ,„,.    ,..;.l.    .1 


I'll    In 

lit    liy 

ll.'lll 


».....;;;''.  r:;:^.rM;'^l::;;:,;s;:li;,K;,,;;;^-■■• " - 

'.■....I  ."'.': ;;;;:';  ,;,'i  s;';;;''"-;:-"-",'''  "r''  ""^  •"■"■''■'■^  - ... 


Cw 


"jfi^^mA'^**  'f 


SI 


'■'""'  '•""'■  "II  '■yuiiinaiion  „:,.  i,,u,„l  I,,  l„    l„i,ki,  ,,,  t|,i-  -illnu,,!  •,„■,  .,r 
!.•»,>  (up,., >Ml,n.,ml,  uhLou.  l„inu.-l.:nH.,|.  ul,,,!,  .x,,!...,,,,,!  .  I„   ,„.;„.,„•' 
<>l  l;ir  iliiiiiid  III,.  laiiiT  |i,.|ri  ,,i  i!,,.  ru\,. 


At     IIm;    ..ml    nf    th..    tri,.,l     tl,r    rvlM.lcr    u:,-     ^«..,-h,.|    ,„„     u„|,    ,,i|.„,,,,, 

.;mhI  WMl,.r.  u,  or.lrr  ,o  l.nhK  tin.  r,,^,n,.  iniu  |,,,,,Hr  rniHin .,,,,  tor  ,  I,,. -u,.,.,.,' I- 


IIIK  ti'l;il 


7V-.'/  .V.-.    .'.'(. 


H..r„r..  nmniiiK  ,|,i-  ,n;,|,  ,|„.  ,.|,r,-,-,.|,„  |,  ,.,„„■  u,-,-  ,v|,|..h.,.,|  I,v  ■ 

'■    tl,,.  >:,.„..  .liin,.„H,M,-   i„;„lr  ,.|    tn„.  „i,,.  u,,u,r.   ul,i.-|,  w...  u,.,.h,.,|  «„|, 

til''  <-'M  WMlcr  >,,r,.,y  Mln...„ly  in  pi..,,-,.  .■,,  tl,.  i,,p  m  ,|„.  -,,ui,l„  r 

i„j,   .l!;"''"'" iii'i*--"-'''l'l'inM«llii-  t,-t  u,,,.,Ih  .•,>,„.  :,~i,,niM.pn.,v,l. 

""■  '^l''"'''  •■",'1'  '""'■'■  '^"""-  ~''""'''l  "iil^  •■•  !"■■  ''nt  „l  ,.:,n',n  ,|i„xi,|,.  ■  ,1 
.•»  milr  ,  ,.,s  1,    (,  p,,.  ,.,.nl  oxvK,.,,.      Tlii-  u:,-  h.uiMl,  :,l   l|„.  ,,„l  nl  ,|„.',,'i,| 

'"  '',"  '':"'  ";  ••'  ~"'i;P.;'«"  in  iIm.  m,„h ,.,,u-..,|  l,v  :,  i,p,,    p„    ,.  ,„  „  .M,'. 

';in.|rs>lv    ,lropp,.,|    ,„    l.v    ,|„,    ,,,,„l,„-,r    .ii,.,,,!;,,,!     ul,il,    rl,.,,,!,,..   il„. 

''^vinsr  t.,  il,i-  n.Mri,.ii,„.  ,1..  ...,,.  „„„„.,|  „,  ih.  ,.pp,.,  „.,„,  ,„-,,:„! 
■t  |..'i"iMir  tluuniih  ilir  M.iMlpip,.  I,,  ,|„  l,,u,,.  „„„■  :,,hI  up  ilnouui,  ,1„. 
i"t  cokr,  wrrr  ,lr..,vvn  .low,,  il,r,,ui;l,  il,,.  ,■,„„,■.■„■,, .,|  ,„.,.),   .,,,,1  t,i,!  ,,,  ,|„, 

'i''i""i;'"'|->"''  i"'"l''"inp'-'l.  N"iuiihM-„„li„i:il„M.,.,lv.,-..',.,„„|,n',„',: 
'  ".  ,.,,1.,.  M.rni,!,..  ..p.„.,.,l<.,l  th..  t:,,-  in„„  ,h,.  ,.,.  .,  ,.|I„  i,„,  K  i  !,,.„  ,„; 
"""''''■  ^^''^  '-^1'  ■■■'■'I  ""!'  '1'-  ""linn..  ,.,„,|  ,,„  Muppi„t..  i,  u,~  ,,„„„| 
ii.i.i.....-,..ry  ,,,,.„  .„.  v,.,lv,.~.     Tl„-i-.l,„.,„,|H.„'„'li„,.,.„i„„„,„|,";,; 

II,.'  ..nk..  scrulilii.r  l.y  the  urit.r  ,.,,,. I  i|„.  i,-,  h:M,.:,|  .i.-ilf 

,  111.'  win.  JI..,,I/,.  vnur  u:,-  .nvcl-,.,  I  ,,„  l|„.  i,i~,  |,  \vi,h  ,.,  ,|,,„,.|,  ,,,■  ,,, 
Wl,lrl,  t,.„.|,.,|  In  ,.|,,..  ,|„.  ,.,„„..  ,.,„,|.  .■,.|IM-,|„r„t|v.  t.,l.,,.,.,tlv  i„,n-,-,.  I'l,,: 
Ml..tl,,„.  A  ,.._,1,|  W.ll.T  .p,.,.,y  u,-,  ,|„.,.,.|,„V,  ,.„|,|,:,|  (■„,  .|„,,xi„},  ,1„.  i„H,|,. 
"I   tl,|.  I..,),,..         Il,l>  \V,.,>p,lI   1,1  pl..,.rl».|,„..t|;r-ll,..c,.,|i,  'Mri-li 

ll.'  W,.,~l,  I,..,1,|  ll„.  ,..,k,.  M-niM,.,-  ,l,H-il,-  tl„.  |.,||,  r:,,ii,.,|  :,  I,,,.;;,.  „„„.„„| 

;'I,    ^"'l'.   •":''"■'■    ';'■    ••'     '"■'-'"     -^"l'""      -"i"'"-       '-'"I-  I'II'IIhI-    i.llnrM,,.,ti,,„   ..,. 
iKlt't  N.,.      (I.,.„„     H,„„„,.,,y   X,,....,.  .„„|,l..t;,il,.,|  i„;,,n„,..ti,„,  tl,..,.,„„pl,.„. 

I"K  I'll-  tri..,!  N,i.  J',1  II,  ilii.  ,.|pp,.|,,lix.  ' 

'/'/■///  .\,i.  .',11, 

The  ..,„„lili,,i,-  u,,.!..,.  ul,i..|,  til..  p,-n,|,i,..,.  :,,„|  ,.,iui,„.  u,.,-,.  ,,p,.,-,t,.,| 
u'.Tc  111..  -;,iii..  I. If.  il,i~  in,.|l  a-  I'.,,-  tri:,!-  \,i-.  -Js  ,■,,,.!  2'.i. 

1)11  :,. ....111111  ,,|  ..,11  ii,ipi.|.tV..ti,,i,  in  ||„.  ,.l,.,.iniiiu  >'.->li.|i,  uiiirl,  «•,- 
l;it..|.  alti.n..l  tar  t., 1111.1  its  way  int.'  tin  i.|i(iiii..,  vvlii..|,  i,....r-M|.,i,,l  i|„. 
.^.■ai,in>r„ttl„.valv.'sat  tli....|i,|.,til„.ruii.    S...  (  ■:„■,, i  N,,.  i,).   ,,„|  „i„i,n„iy 

Tr;,d  \n.  .;■/. 

I'll.'  ;ur-(ip(.iiinKs   in   tl,.'   Inwi.r   /km.'   u......   iiii.r..aM-,|   t,,   ih,.   full    |„,.,,| 

mark  on  tl,..  naiif;:...  naiii..l\'.  .'>-.\  -(piaf.'  in. 'I,..-. 

ri,..  jia-^  I't'oiii  t!,..  upp..|.  /.,ii(.  was  oliscrvi-.l  to  I...  Inirning  l,|.n,.atli  t|„. 
jii'Mt.'s  .,1  tl,,.  low..rz.iiic,.  s.mi.Mif  til.'  tarrv  matt.',,  in  th.-fia-  I'f.mi  tl,i.  npp.r 
z.ilif  was  thus  .Icstr.iy...!. 

llif  \va-!i  iniin  the  .ok.,  s.i  iti,!,,.,  u.-.s  aiMiinlanl,  an.!  ..arriiij  n,atl..i. 
of  a  ycll.iw    iiiloui.. 


i 


S2 

,i'';',;;,;';;^';;';--7'  ';N-iv,„..h  «..ii  :„„i  ,i.,.  vah..,  «■,.,•,.  i,.  «„.„i  ...,„.,i,i.„. 

III''  \;il\'~.     >'■<■(  li.u't  N,,.  M):, ,1,1  Miinn    n   \,,.  _'>i. 

7'''.//   A-..  .;.'. 

ni(',',ir-,,|M-i,lnu-  in  I  lif  |,,uct  /.,nw  wriv  ,.,,|,.,rn,.,|  :,||rr  IcM   \,,   :!] 
A^   Ihr  «...,,.,alor  w;,>  -upplyiiin  , '  ,■  ore  .mmhthI  lal  iii^  l,i  Im,i,,i',,iv\v 


nil 


'Ik'     .iirr  Mij.plv  lor  ,-„„|,„K  il„    mamr    .,,,1    n,,    rl,,u,i,m    ^  ,,,.,>.    u'^ 

•';;;;•;;.'  H''-"'  "•  'i-  iu-,.,.,i„„  ,,,..,1.   rin.  .uim:,,,,,.  u,.„  ,',,■ ,.,  n.i,,  ,,,,.J,| 

'■v..^;,;'::.:!^^^^      -,1.,..  ...i  ,.vi,n,i,.,.  ,„■„„.  ..,„ .,.,...„ 

Trnil    \,,.    .11. 

I'Uf  an';,  of  iIh-  air-oprninji^  tur  llii-  (rial  ua-  iiiciTa-r,l 

111-  xii.l   inalP-f  in   il„.   ua~l,   CnM..   I  l.r  ,.,,k,'  >,-nil.lHT   wi,  ,,|-  Mn.il 

I'll''  >;m^  .Iraui,  Inmi    thr    „pp,,-    /,„„.    „■,,    „;„,,.v,.,|    i,,    |„.    I.urninu 
n,.,,|,    h,.,,-a,,.|,a,.,,Ml,,.  Unur  x,,,,.  tl,n,„«l„.,n   ,l„.  ,.,„„■,.  ,nal  h 

""  ".^.•'■l"";"  "'  '  liour   hn,„  ,.  I,..-!  p.,n.,  „|,„„  „„  ,1,,,,,.  ,„„|,|  ,„.,;,"" 

I    ii'\nlvrsaM<lcylin,lri-.\vriv,-|raiial  t  lir  m.l  of  I  he  nil, 
'    "■,"'•■'"■'■'"1  -■'•movr,l  l,v  til,.  Kau/r  con.,  coll..,.,,.,!  „„  ],,  ,„„,.,  ,„,,■,,,,,. 
:""'""'".'..""■  >l''--" '";>"-n  tin.  ,.o,„.  aiHl  til..  p,.rfu,a.,.,|  ,.vlii„l,.,.  >iMToun,:- 
n~<'aiM.,ltl„. -u,.|„,„,on-..     S,...  Charl    X,,,  1  J    an.l  snn.n.aiv 


No.  ;i;! 


^^^^^Tli,.  a,r-op,.„i„i,,  ,l,.,i„j,  ,,,i~  t,-ial  ^u■n^  no,  ,.l,a,ip,.,|  f,-,,,,,  ,1.,.  ,„.,.,i,„„ 

Mar,mri!ll,";i'""'  "''  l^;'*";'   '""■  'I'-Vyl'n.li.ralmo.,  i,nM„.,lia,..lv  af,.,- 
t  n      do,       1,,,\  '''*'",    ;■    '''-•''.'I'-'"'-     ■'''"•    "!.'ni,io„    of    ,1„.  ■..nj.i,,,. 

'y.  y:z:^::l!::n:  "'<■  "-'"■-—'' —n  a,,.,,,,,,,  „f „,„„, 

TlHll     \'l,,     ,)'.7, 

■1^  ^hliwn  m!' jl';,il''^  t,..,   tli.  ..ok,.  s,.,.„l.l,,.,.  1„.|  ,,.„,„  p,„.„,,„„,„|v  all,.,.,.,], 

.1    MiovM,  ,„   ,|,.,a,|    ,,„    l.,j.   i.i.       111,.  p,.,-l,,ral,.,l  ,.vli,„|,T  wa-.n.,n.,v,.,|.n„l 

"■  ;vnv  ».„/..  ,..,,„.  („„.,!   uith  at,  i,„„   ,.i„«  n„.r  l,.,l,s  fo,-  ,.|a,    p    i  ii 

>oM„on  ov..f  t  I.,   lol...      An  ov,.,llow  was  pn,vi,l,.,l.  as  >l,ow„  ,        •>  V 

:;,    '•^"•'yn,«  on  ,li,.  s I  ,„att,.,-  s,.pa,-at,..l  f,..„„  ,1,..  ^,.  1,,      ,„   '„,',-    y 

..a  ,«,.„...,„    was  aUo  prov„l,.,|  for  sp,-ayi„«  th,.  i,,,,;,,,  ,„■  „„.  ,.,„•  ^-i  1 
-;  ly^  n.,i.,„  ,.„o|,n,  wa„.,-  f,,,,,,  ,1,,.  ,.n«i„,.,  wli..,,....,-  ,|„.  s,„.  i    ,  n.  ' 


ll'"  pi-.Mli,,.,.,-  was  op,.ra,,.,i  ,iurinK  tii,'  .lav's  ,■,.„  „„  ,„„  .lirf,.nM,t  ..i,. 
"1""U,K.       H-.„n  it.Od  a.,„.  ,„i,il  12.2.-,  p.,,,.  an  op,.„i„K  of  2-2  s    ,  ■    ,      „.'  .  , 
was  us..,i.      |.,.o,n    12.2.-,  p.,„,   ,.,  ,h,.  ..,,,1  .,f  ,|„.  n„,  ,l„.  a^.a    ,      1  .  •   ,• 
np..n,nKs  was  ,n,.n.as..,|  ,.,  IMi  s,p,a,-,.  i,H.!„.s  -  ,|,„  f,,,!  !„.,!','...    „t-,;^ 
1'   w,„  „..  .,.,.„  f,o,„  an  i„sp....tio„  of  ,1,,  ,.l,a,-,s  an.l  1..,^    lu:    .:V'  1,  \.; 


.  rcA  '^>♦; 


Hi  .•iii'l  HiiMiii.iiv  Nm.  :;.-,   ,  I,    |(Li     ,1    ,  ,1 

-"■'■' "-. '■■ -■'''■''^-.:  ;:n:;:::[:,,:;^:;;:i'r 


'•"""';; "•■'-■"'•■'|> -'- "I .-.■ I— f .,■,-..•,",•„  n 

<-l X.W/.M|,VJ,U         ',1      :"'''■    r^-'-— ■!     -Hl,l,:,Ml,.. 
••'M<lil .■nl.onn, xi,|,.  „„,..:     '"'^"I"  ■""i  i.v 'I.  .,.,.„„,„, I,.,.,,...,,,,,;, 


!<■  ''nUMl.'  tilli-licl  III  ,Ari  II, 


I"    '■ llllMli.   uilli  r|,:,||   \,iK,.- 


Il'l   pl-lii||, 


'?''«v:rHnr,;:;i!:;,J;';:-x^:i-j;:'-   ■-,- 


I'liii  III 

l"l'''l\i'il    tll.ll    llic 


>iirii,,i •r,.;iMM|  ,-,iii.i,|,..-,M\       Ti,;'    „  ,'    T     ,  l"i '-'ix  r,i  ti,,,,  if,, 

''M'lV'llMK  M    inllllll,'.  •         '"    "     """  ■    -'i'l"!!! 


At     till'    cliij    ,,|' 


iriniMc  w  ,-1-.  ,'\ 


till'    t|i:i|    ill,.    ,.||„||,,.    „., 


,        .    , -""      "I-     III     ,AC,||i'lit     .Mljillll, 

'"■'■""'■'■'' '^'""•■"■'I'lriiiiitlii-,.,- Ill,- |,r,.,v,|i„m„„. 


"I    'Arclli'iit     .Mij.lili,,,,         \,, 


N.n,:>  .,v   (.r,,,nn,,s   .„     |.„ „    ,,^,,^,    I!,, mi...  .„. 

I  ii'".in:>-ivi:   Timm,-.. 

HHoIV  |„.,„.,,,,|i„^,  ^^i,,,   ||„.  ,,,„||,.„,,,,^,.  ,.^,,, „!„.,,  I,        ,,|    ,1,,,  ,,,:    I     .,.    , 
•51).  Ill   winch   lMni.-,,...iv,.  .•lir.-,,|„„iMK-  W.rr  ll„,l  ,,11         .  " 

iji'   'i.-.M's  r„nM,.,|  in  ,|„.  „|,|„.,  ,.,„„l,„M„,n  /,„„.  ,,|  ,|„.  pn,,!,,,.,,  wi,,,.), 

|M>>>ouM,l,r.,UK),tlH.,-,,,,.r,.H.,,.,|,,,,.k,|i,,,,,|v,,,,|i,..,ti,.,U 

I.I   (.;,>,.>  t.,nn.,l    l,y    i|„.  n.n-l !„.;„;.,, ,    ,|„.  .,,,,   ,,„|    „„,.„,„ 

n"i^;Kr,t",":;;:,r:S:,;;;r;;,::;:ir" ■ -■„::;;,;:.::;::; 

will  <lr|.,'||,l  ll|),>ii  tlliMc.||,iuiliKl:i>i,,r~:  "II,,,  ~ 

'.','   .'''''''••'^':''-''''-''''''li''''ii'ninr..,,t:„n,,  III,.  „,,,„.,  „„„, 

' ^'^•:«s^'^;^^^^^:;:^^.:^cz.:^":^:::: ■'"■'■' 

m     Hie  rcsistMIKT  iif  thr  l,,wr|-  fiifl  /our 

'■.".    Hk;  n-i.t:,.H'(.  ,iir.T,.,i  t„  ,1„.  tl„„  ,,,■  ,i,  I,,,,,  ,|„,  1,,^^.,,,,  ^,,_,,, 

I  -il.K  llir  l.«,MV>  MM,!  |..Urr-  :,l,„vr.  il    wiij   |„.  .,,,,,  ,1,,,    i,,;,,..,; ,, 

■i'i-i''';isc  ui  (.).)  incrc.-i.,..  a  .-in,!  !>.  immu.      ,,.,iii 

H<'s.stM„.-..s  (1,  ,.„„!  ,.-,,,  ,nay  h.  ijinvtly  :,ll,.,v,|  l,v,-,„  all 
""  <'tlM.,s  m.Mlcralr,],  t„  s,,Mir  rxt,,,,.  |,y  p,,kin„.  ,,„|  ,.|,,,„inu. 


ili'iiilanl.  aiiii 


!12oii     7 


H4 

Tlif  "fTiit  I  if  inircM-iiiu  tlic  .'lir-npciiiiiu  of  Ihr  luwcr  /our  m-  -rvn  .iliuvc 
i»  111  lircnii-i'  tlir  tliiw  (if  ii:\-  diiwii  llic  »lMllil-|ii|H'.  'I'lic  iililv  -iiIIIit  iif 
>ii|>ply  iif  iniii-iiirc  In  llif  iricMiiili -iint  fuel  of  t|ii>  luwcr  /mir  witli  ihr 
•  ■xcipliiMi  iif  ihc  -1111111  <|ii;iiiliiy  iiilnnliici'il  willi  llic  iiir  -iiiiiilv  i-,  llic 
(j;i--i's  Miiil  VMpiiwi-  friiiii  llic  upper  ziiiii':  wliiiii  iiiiii«iuri'  i-aii  cuilv  timl  \\- 
u:iv  III  I  tic  lower  Zone  of  loiiilni-iioii  liy  p:i"iiii£  ijnwn  I  lie  -hiiul-pipc       Tlii- 

r^llpply  i-  oli\ioll-ly  ilecre;i-C(i  li\  eiihildiim  llic  lower  :iir-opeiiiliK-,  Tli.il 
i-  to  -.'i\  .  llial  :i  -lli:ill  proporl  iiill  of  ihe  iiioi-liire  from  llic  peal  p.'l->e-  up 
lliriiliuli  llii-  loui  I'  fuel  licil;  llic  relliMillilllJ  '|U:ililil\  of  liiiii«t  lir".  llicrcfoie, 
p:i— I-  i|o«ii  lliroiiuli  llie  narrow  iieik  iliriill>  in  the  linal  olflaki  .  A-  a 
(•(iii-e(|iicnce.  ilierc  i-  Very  lililc  prolialiilil  \  of  it  r.aclinn  wilii  carlion. 
The  irfiil  of  llii-  i-  -liowii  in  llic  Ilia!-.  I'iH  i|i-lalice,  In  liial  -'I'  when 
llic  -t  a  nil-pipe  wa-  iiiaiU  eilcnl  ly  plii(iueil  up.  ami  i'oii-ei|ilenll\  no  ;noi-l  iirc 
\\a-  pa--cil  up  lliiiiuiili  llic  lower  /one  llic  liyilro(£i  n  conicni  wa-  a-  low 
a-   I   7  per  icjii  ;    \\i|ciia-.  with  llie  -mall  aii-opcnin^-  ii:  irial-  ;{(•  mihI  iii 

the  ll\ilro(ieii  lonlciil-  ucle  IK  it  ami  HI  '.».  wliicli  were  reilllreil  willi  in- 
crea-iil  air  opening-  to  7  1.  In  trial  •to.  in  whiili  I  lie  .•iir-iipeiiini£-  were 
ciiaiiuril  during  I  lie  I  ri.'ll.  the  effeet  of  an  eiil.ariicllienl  of  I  lie  ,iir-opeilinu  wa- 
ll! II  iliiec  t  lie  liyilr<.;:cii  from  '.•  '.Mo  7   >  per  cent . 

A  tiirllier  temlcmy ,  ilue  to  ciilai^einent  of  I  he  air-opcninu:-  of  i  lie  lower 
/I II! I  ,■!-  .-iiiiicar-.  fro  1.1  llic  jj.a-  an.aly-e ■  i-,  to  ilcerca-e  t lie  (  (  >  .  .ui' '  to  in- 
irca-c  I  he  (  (  I  foil  111  I  in  t  lie  linal  na-.  wil  li  .in  inile;i-e  in  it-  i -a!  urine  \  allle; 
I  lii-  ilM-rea-e  in  I  lie  (  '(  >  eo|i-l  i|  iiclit.  aiil  ileelea-e  in  t  lie  (  '»  I  ,  wouM  appear 
til  lie  I  llie  to  an  il'crea-e  ill  t  lie  t  eln  pefa  t  Ule  of  I  lie  li.Wer  ri  ilnl  Mi-t  ion  /one, 
eeii-i  (|ncii|  upon  .'I  larm  r  I  ort ion  of  air  lieii'K  ailmit li  il  to  that  zoic  No 
eoniicxion  I  all  lie  tiaeiil,  llowcxer.  lelween  the  t  eliipi  la  t  lire  nf  llie  linal 
(ia-c-  ami  aii\'  eomlitimi  of  working  of  tlie  proiliirer  oilier  tl.;in  tlie  ch.-ir- 
aeter  of  tlic  tar  ilcpo-ii  from  the  -i  rillilicr-.  Tlice  tiinperat  uie-  can  not 
Ki\e  a  ilirerl  imlie.aliiUl  nf  I  he  i  omlitiiill-  ill  the  lower  fuel  In  d  ;  for  I  he  lem- 
pc rat  lire  of  I  he  linal  ua-  inii-l  1  c  cnn-iileralily  inoililii  il  li\  I  lie  Layer  nf  f,icl 
t  hroi'^h  «  liiih  il  ha-  to  p.a--.  aeil  liy  I  hat  purl  inn  nf  i  he  iiini-t  lire  ami  na-i  - 
ni\(n  off  ly  ihe  plat  inlhcup|er  /ece,  which  |i,-i--  ilnw  II  thrnujih  the 
rent  raeli  il   lieeU   ilircetly   In   the   Ileal    i\il. 

Ill  t  rial  li.'i  I  he  cnlarfit  iin  iit  nf  t  li"  .-lii-npi  iiiii;-  in  I  he  Inwer  /one  Wa- 
al tern  li  il  l'.\  a  I  i-e  ill  tempi  raliile  ill  I  he  linal  ii;i-;  an  iinre.-i-c  in  t  he  earl  ion 
inonnxiile;    ami  a  ilecrca-c  in  ihc  carl  mi  ilioxiilc. 

While  the  >>;i-  aiialy-e-  aie  not  -iillieii  nl  ill  nuiiilier  to  wair.iiit  an 
aciurale  i|i  illiel  ion  ;i-  In  the  eliieiency  nf  the  prm  hirer ;  the  elliricneii- 
e;ileiil;il  I  il  I  Iniii  the  ali.aly-e-  .at  mir  ili-pn-al,  -hnw  .■'  lii:inilc-t  inrrea-e  w  hen 
the  ail-i.|  I  lliti^-  In  the  lower  /niie  .ale  e|il;ir;;c(|. 


■I    l;l.    (    IIXM   MI'I  lll\. 


jS     111    oil. 


The  piiuinl-  of  ilr\"  pe:tt  con-llliH  1 1  per  hour  per  luake  li  ■; -e-onwer.  in 
the-e  trial-  ill  which  the  eiinine  ua-  lain  .il  ,'  Inail  \ariei|  I  r,  m  I  77  to 
■_'    Hi  poll. Ill-:    whih'  the  aMiaiic  cnn-umplinii  wa-  '_'  pnuml-. 

If  a  plant  were  run    fnr  Id  hmir-.  at    J  loail.  ami  then    ein-eil  ilnwn  fnr 

I  I  hnlll-.  t  he  Inlal  enn-llmplion  pel  li.lI.JMi..  illclmrniii  t  he  f  llcl  ll-eil  fnr 
liailkillH  which  ha-  lieen  fnimil  I  n  he  almllt  opnuml-  per  hnuf  Wnuhl 
aiiiiiutil  to  2  (I'.l  poiiml-. 

The   iiniirc   u-cil   for   the   fuel    cnn-l!llle(l   illllinii   the   hnlll-   the   prii:lileer 

wii-  -tamliiiji  iille.  wa-  nhtaineil  frnm  a  -pecial  te-t.  pr'viiiu-l>-  rcfcrreil  In 

piific  .">;!.      The  lifiurc  jiivcn   fnr  the  <|iianlity   ii-cd   in   trial-  L'.S  In  :U\  is 

hiy:hcr  liiaii  that:    -iiice  il   include-  the  fuel  ir-cil  for  the  prciiiniiiary  jjciier- 

alinii  of  gas  licforc  it  wa-  deemed  ad\is:ili|c  lo  start  the  trial. 


i'**.^ .-  "L 


*-'«^^ 


s.'. 


I  III'  (,■,!«  i:ini,.,l  ,,„,  .,,,,1  ,1,,,^ 


iiilii  iwii  pari- 


ll''l'l     III     '111       mMlil!     |.,,r,  .,,  r  ,        , 

ui'inu   IMU''  -  .111-  ,||\  I, I,., I 

I'mu    I 


f 'V''' •;■;:;'::,;!:  :-';,:—^^ ,.„,,. 

-minliinj.  .„  l,..  ,|,.Hr,,|  a-  ,,'u,  ,|-  ^  T""'   ""  '   """""^     i""    ''n 


'■yliiiilif,  all, I   piMuii  ,,i   I 


••'"■'•■■•'■'I.         \l    llir   ilu-i     ,,|    il 
iriiivr    I  lie    \;  ■ 

lillil'    In    I 

"a-   aril, 


"■    'liUllir,    ||,.,-,.--ilalr,|    III,.   ,.j, 


lll'lli.    .111.1    1.11    II,,'    v.iK,., 


.Illlllt;       .,|        III,.       ,,;||.|^ 


'■'  --:M'  .Mil  ua.,.,-,  -aiiil  „M,.-  I  :.,;-;;'{-''-  -M,  a  liiixn,,.,.  ,,, 
»v.'i  .•M  Ml,  11,11,.  „„,la>iu,.|i,M„.  ih,  I,,,.',  ,.  'I;inni„im,,,  ,|„.  ,„„,„„ 
'"■'■"','"■''  """■'■  "I  'I"'  '■Mmiii.  ,■-  ii„„.  ,||.  '   J      ■"■■  ";'  "'',"■■'" '  '■''■■'Miim 


il    lliur 


I'm.i   il. 

'•"■•    ""'■'l"''l"'ll.lr.-.Nuill,   III,.,, 


''■^'-  .■.iiii,',!  ,„,,  „,,|,  ,|„,  p,,„|, ,,.,,,. 
II  llill,„ill,.,  ,l  f,^. 


.•I-    Mtu||-,|||,.|,  .|    I         ,1,,.    ,,,.,1  ,    .  I        •,        , "ill, 

"■••';■:■ :'^-:''r''nL^':^;r;.::tx'::::- "•"-' 

'    l'"M    -iTIllilll/llii.     ,|,,.    (i,.    .     ,,,     .1   ,  .      ■■ 

,'"'"•"1'  ■■'  '"^'liii...,  „ ,„„,„,„ ,  ,  ,,','''':'''•'"''•''■'■■' :  .-.N.i 

;:■:;■.;:■"■■ - -^".''-:"' ^  ;:::;;::;;.':;::■:, ;:r  :;;::• 

'l'-ln'y,ii;,alli|„.,;i,,,      ■,  „  '  i'''^""'','""""'  ""  I-  "I'-  ■•>   l,„al|  v 

'-''i- '''•i-ni.ii.-..,v, ■:.:,;;  \:;7^^^^ 

■^^'''''  '""'"    I'li'liiiiiiiaiA    i\i»iiii., ..,,.,,;    ,  ,      . 

■V""'-"-in^'lu-„,ii„r,|,..   ,.,„„.  ,|-      ,''.,"".''''■""'"■'•  •■"! k,.-rn,l,l„,, 

""I'   ':'<■  "-i.M„.,„n,,,l    .„'///     ,'""";-,:•■■';" 'MMl„.|-  ,,„„|,,„ 

'"""/;'/-" ."/ -i./i.v/,,. „/..!.;         '""  '•'  '"'    '''■"'■  "'    '  -'""'/.s 


'"■••'  -"l'-'ltiH.|„v,.,iua;i,,„,„av 

ill.'   \l!ll.l  I  ■!  , 

''^";   I'''"    |'rr,|,„.,.,'-na,   ,:,,,,,.,    ,,l,„. 


MlllMli/.nl  .iv  I',, ]!,,„,. 


'""'"'•'"'    'l".r..i,«lilv   iviialJ,'       1,^   ,;■;,,           '"-""'i-l.  ^l:,^    h,.  ,,,„. 
";'-iy  !„i-a  wi--k  ur  in,,,.,.  u„||,.  ,     1-     ,;       "    T'      "'  '•^"""'   ""    ' Hmm- 

'■'•■^i"i"« >ih'  vaiv,., ,,,  ,1,.. !,;:;,!.  -'vi:' :'.:''''';'''",'' ""  'l■'•l'ur,.„,..„• 
iiri-lraiiiiiK.  Mii,\i,,_,,i|„.|  l!.i- , •, 11,1,1,-11,11  minixiiii;  vaivo 


"Llj 


Nil 

It    -hill  '   1    Mill     I'f    iiPiinil    111  ri'--.il'\     ill    i"i|llllli|il.il    |)l;irllii-,    tu    |i|l|ii\c 

I  III'  pi -I  I  HI  iiir  'III'  |iiit'|>i>'-i'  III  I'ji'aiiiiiu.  Mil  It  I'  I  li.'iii  mill'  in  -i\  iiiniii  li-. 

'{'Ill'  ii|irt'.'ltiii|l  III  III!  |il'iii|l|ri'r  I-  llliilnt'lll.  .'ilnl  t  iir  u.'i>  iIi'IImi'iiI  In  tlir 
•  ■tlljillt'  VMlif  Klllv  -livjliljy  ihiriliK  :i  Irli  linlir-  lllli.  IIh'  Ii'IiiuNmI  III  .'i-ln-. 
Mini   till'  I'lf.'itiiiin  111    till'  (iii'».   r;m   111-  iliiiii'  wiiliipiii    iiitirl'i'iitiK   witli   tin' 

ip|ir|-.ilii>ll  lit   I  111'  I'llliilH';    ililr  III  ;i  rli.'inur  ill  I  In-  i|il:ilil  \   i  it   I  lir  K^l-- 


A  I  1  iMi  \\i  t:. 

\     |pr:il-|iliiillliil'-t£:i~-|"'^^''''l''''"'     "'     ''"      "'"■     ill-l'ill'''l     ill     'li''     I  Uri 

'I'l'^iinu  St.'iliiiii  r.'iii  -:ili'iy  ln'  Irit  in  tlir  Ii.'iihI-  lit  Mil  iiiii'lliui  111  i.'il'iiiiiir 
mIIi'I  III'  li:i~  li'i'iivril.  liH'  .1  Wirk  ill'  »ii.  ili-t  t  Hit  iii|i>  in  tin'  li.'iiiillini:  111  llif 
|il:illl.    t'l'iiin     .'1     I'lilllpi'li'lit     I'liuinii'l'.        rill'     -rl\Hr-    111     iiiil\    nlli'     lll.ill    life 

i-ri|iiiiii|  til  run  t  lii-  pLiiit  \\  Inn  it  i-  uprr.ilril  mi  il.iv  ^liitt  wiirk  milv  . 


(    I.V,  \SIM.    Ill      <  i  \>     i'll'h.-.      \I\IN>.     \\IAI~.     Ml. 

It  i>  I'l'rmiltni'liili'il  lli.it  till'  il:i~  pipr^  li'.'iijinu  trmil  tin'  piiiiluril'  in  till' 
('li'allUHI  ~\-trlll  anil  lilt'  lal'  tillrl'  lir  rlr.iliril  mii'i'  .i  Uri'k.  it  pii-«ili|i'.  ulirll 
till'  plant  i-  tun  tin  iimii'-  .i  ila>  iliiiiii(i  tin'  wmkiiii:  il.i\-  nt  tin'  Mat'.  Il' 
llii~  i<  ilmii'.  \<-r\  littlr  will  111'  ii'i|iiii'i'il  111  ki'i"|i  till'  plant  in  uiumI  iiiinlilimi. 
Till'  ailllii--imi  :iliil  lilixillH  V.iKi'-  ul  liii'  rlinilir  will  lint  iri|Uin'  rli'.iniiin  liil' 
Iwii  wrik-  111'  tnmi'. 


I't  i-;i.  ( 'iiN>i  \ti'riii\. 

'{'Ill'  I'liii-iinipl  imi  lit'  tiii'l  pri'  lii'.'iki-  111.  piiwri'  liiiiii'  iiic'hiilinn 
staiiil-l'\'  lii--i'>  i~  Ui\-  /nil  hiii'l.  I  '  /'iv  "/  '/"/  /"■•'.  '"■  '  ■'  III".  11)  I"  1(1  tiiii- 
liiitiiiiii  !'i  fill-  CI  III  iiiiHshin  :  fur  I  hiiiil.  till'  tili'l  riili^mnpl  imi  inrliiiliiin 
>lMnil-liv  ill — I"-     i»    '   /  /''■-.  Ill  (III/  jiiiil  ■II    '  s  ills.  Ill   jii  III  I  iiiiliti  III  ml  !  I  pi  r 

II  lit   lliiiislllii  . 


(  'il>l     III'     i'l    Kt.. 

Ill  i"^liinatint!  turl  m-t^.  tlir  a-«iiniplimi  i^  liiaili'  tliat  pial  uilli  a 
iniii~llllr  riilllint  lit  '-'i  piT  Cillt  lail  lie  ilrliviTrii  tii  tlir  pi'ni  lllrrl'  till'  S'J  pir 
lull.  llliinli'l'.  Iiuwcvrr,  tu  t.'ikt' ailvalltajic  111  llli>.  Ill'  a  InUrl'  rn^t  lul'  I'llrl. 
I  III'  piiwci'  plant  will  lia\('  tii  lu'  ~il  llalril  at  nr  lii'af  t  ln'  Imn:  w  liri'f  1 1n'  pi'at  lili'l 
i^  iii.'Piiiit'a.i'lill'i  il.  I''<it'  >tiiall  pl.'int^  nt  tin'  l>pr  .'iinl  ('a|iarily  ilr>i'iilii  il  in 
till'  iiii'i'Udinn  pajii's  tlii~  iiiinlit  ii"t  pniM'  iVa^ililc  ;ii  iiiaiiy  ra»i"-;  lutt  will 
pi'ii\  r  I  11 1  inly  rra>ilili'  ami  piaci  irali  i'  w  lirii  t  lir  plant'  art'  nl'  lai'tJi'  raparily 
anil  wlii'ii  tin'  I'luTuv  ilr\ rlopiil  -  t r.'in-niit tcil.  n  tin'  t'liriii  nt  rli'itrii 'ly, 
tn  Ml  lull  I II  Hiring  tnw  ii.~  ami  \  ill.'ifir-,  Inr  I  ulilinn'.  pnuri'.  ami  nt  Iiit  piii'pii>r>. 

Mini'  I  lir  I'llrl  I  HI  tin  ( I  ill  tin'  pi'niluri'l'  iliirs  lint  I'l'iiuifi'  In  nr  nt'  tin'  ln'>t 
i|iialilv,  till'  tilcl  I'list  may  I"'  cmi-iiliTalilv  nilinril.  -iiii'i'  tin'  lunkiii  pi'at 
lirirks  ami  cmisiilcialilc  lino  wliirh  alw.-ix-  ni'i'iir  in  I  In'  inaiiiit'arl  iirr  nt' 
peat  ami  ntlii'l'wiM'  I'i'pl'i'-ciil  a  n--  ran  lii'  cHii'iriit  ly  utili/.iil  ill  tin' 
prnilllriT.  .\»lltn  tl^J,  linwrvrr.  tli.it  prat  lail  Im'  ili'livrl'cil  to  tin'  plant 
i'nr  S2  per  Inn.  anil  lliat  llir  p  .'Hit  !>  run  with  a  pnwri'  t'ai'Inr  nt'  7")  prr 
ci'iit  Inr  ;i,t)(il)  liiiiir>.  till'  tui'i  I'llrl-  wiiulii  In'  '^n.  in  por  H.H.P.  year, 
iiii'linliiiK  -laml-liy  In^srs. 
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